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PREFACE 


The Model 3220 Precessor User's Manual provides programming and 
operating informaticn for the Model 3220 System. The programmer 
is provided with information on the 32-bit system architecture 
and the unique memory management scheme, as well as a descripton 
of each instruction in the Model 3220 repertoire. The 
instruction descriptions include valuable system-related 
information presented in the form of programming notes and 
instruction examples. 


Informaticn on the system control panel is given to facilitate 
program Freparatiorn and execution for the system programmer and 
operatore 
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CHAPTER 1 
SYSTEM DESCRIPTION 


1.1 INTRODUCTICN 


The Series 3200 processors are designed t9 meet the needs for 
higher performance and reliability in a 32-bit minicomputer. 
This series represents a logical, upward compatible avolution 
from the Models 7/32 and 8/32 product line andi incluies some 


significant enhancements directed towards scientific and 
commercial applications. The architecture has improved error 
recovery capabilities for those applications where fault 


tolerance is a necessity and allows direct addressing un to 
sixteen million bytes of actual or virtual memory implenented in 
MOS with Error-Correction Code (CC). 


The first processor in the series is the 3220. Through the use 
of 32-bit general registers and a comprehensive instruction sat, 
this processor frovides fullword data processing power ani direct 
memory addressinz up to a limit of one megabyt:2. The systet is 
shown in block diagram form in Figure 1-1. The instruction set 
includes: 


halfword and fullword arithmetic and Logical operations 
single precision and double precision floating point 

list processing 

cyclic redundancy checking 

bit and byte manipulations 

alphanumeric and decinal character string processing 
decimal/binary conversions 

instructions designei to improve operating system performance 


With this enriched repertoire and direct menory aidressing, 
coding and debugging time is reduced to a minimum. 


ZFight sets of 16 32-bit g2neral registers are provilel. Register 
set selection is controlled by bits in the program status wor”. 
Register-to-register instructions permit operations between any 
of the 16 registers in the current set, eliminating raduniant 
loads and stores. The multiple register seat organization 
eliminates the overhead incurred in saviny and restoring 
registers when responding to interrupts. 


The Memory Access Controller (MAC) provides automatic program 
segmentation, relocation, and protection. The protect moda 
enables detection of privileged instructions. These two features 
are invaluable in frocass control, data conmunication, ani 
time-sharing operations because they prevent 3a running projram 
from interfering with the system integrity. 


29-693 R800 1/79 1-4 


Cat 


EL/L OOU €69-62 


556 


CACHE 
OPTION 


aga gt tee l 

a st ART 7 

ERROR | 

CORRECTION | 

| 

eae ane RST aR EN a 
PSW (STATUS) 


8 SPFP 
REGISTERS 


8 DPFP 
REGISTERS 


FLOATING 
POINT 
ALU 


WCS 


Figure 


OPTION 


13 


Ea 


FIXED 
CONTROL 
STORE 


: Pea | 


CARTRIDGE 
DISC 


DIRECT 


MEMORY 
ACCESS 


MEMORY 
INTERFACE 


MEMORY 


L ( 


ACCESS 
CONTROLLER 


MAGNETIC 
TAPE 


24-28 31 
| tdviche| 
44 


LOCATION COUNTER 


LINE 
PRINTER 


8 SETS OF 16 32-B1T GENERAL REGISTERS 


ADDRESS DATA 


INSTRUCTION 
REGISTER 


FLOPPY 
MEDIA 
DISC 


CARD 
READER 


FIXED-POINT 

ARITHMETIC 
LOGIC 
UNIT 


x 
Ke 
<< 
a 
ud 
Ee 
= 
a 
Ud 
= 
= 


UNIVERSAL 


MULTIPLEXOR BUS 


CLOCK 


MICROINSTRUCTION 


SEQUENCING AND 
DECODE LOGIC 


CPU 


Model 3220 Processor Block Diagram 


The Mcdel 3220 supports 1Mb of directly addressable MOS Memory, . 
which consists of a maximum of four 256kb modules. Error 
correction is standard and is performed across every 32-bit 
fullwcrd in memory using a 7-bit modified error-correcting code 
(ECC). All single bit errors are detected and corrected; all 
double bit errors and most multiple bit errors are detected. The 
optional memory error lcgger identifies the memory module 
reporting a fault and indicates the location of the faulty memory 
chip. 


The optional 1kb high speed cache memory is situated betwaen nain 
memory and the processor. When the processor requests menory 
data already in the cache, the data is read from the cache rather 
than from the slower main memory. This option allows 3 
significant improvement in memory access times such that overall 
performance improvements of 104 to 25% can be realized, dapending 
on the application. 


In addition to conventional means of programmed I/0, the 
processor automatically acknowledges all [/0 interrupts) and 
performs much of the required overhead before activating an 
interrupt Service routine. The auto driver channel can perform 
data transfers with character translation, longitudinal or cyclic 
redundancy checking, and data buffer chaining without 
interrupting the running program. 


The 2k Writable Control Store (WCS) option allows the user to 
microprogram the processor to suit a particular application. 
Scientific algorithms, communication protocols, or Special 
subroutines can be implemented in WCS and exeztutei up to three 
times as fast as an equivalent assembly level implementation. 
Pefer to the following manuals for further infornation: 


Common Assembler Languaye (CAL) USer's Manual, 
Publication Number 29-640 


ESELCH Programming Manual, Publication Number 29-529 


EDMA Bus Universal [Inaterface Instruction Manual, 
Publication ‘Number 29-423 


Model 3220 Maintenance Manual, Publication Number 29-695 


Model 3220 Micro-Instruction Reference Manual, 
Publication Number 29-594 


Common Micro-Code Assembler Language (MICROCAL) 
User’s Manual, Publication Number 29-449 
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12.2 PROCESSOR 


The Central Processing Unit (CPU), or procassor, zsontrols 
activities in the syst2m. (See Figure 1-1.) It executes 
instructions in a specific sequence and performs arithnetic ani 
logical functions. Included in the processor’s components are 
the: 


Program status word register 
General registers 

Floating pcint registers 
Hardware multiply ani divide 
Floating point hardware 


1e2e1 Program Status Word 


The 64-bit Program Status Word (PSW) defines the stat2 of the 
processor at any given time. (See Figure 1-2.) 


0 12 13 14 15 16 17 18 19 20 21 22 23 24 27 28 29 30 31 
rn eel = \ / F R 
L ba ke / 
Me edi Fede] delve 
32 4344 63 


Pe ae 
ll, LOCATION COUNTER 


Figure 1-2 Program Status dord 


Rits 0:31 are reservei for status infornation and interrupt 
masks. Bits 32:63 contain the location counter. Unassignei 
program status word bits must not be usei and must always be 
zero. Status information and interrupt mask bits are dafined as 


Bits 0:12 Reserved Must be zero 

Bit 13 F LM Floating-point arithmetic maskei moje 

Pit 14 IIp Interruptible instruction in progress 

Bit 15 Reserved Must be zero 

Rit 16 W Wait state 

Rit 17 IT I/O interrupt mask 

Bit 18 M Machine malfunction interrupt naisk 

Rit 19 FLY Floating-point arithmetic underflow 
mask 

Rit 20 I I/O interrupt mask 

Rit 21 R/P Relocation/protection interrupt mask 

Bit 22 s) System queue interrupt mask 

Bit 23 P Protect mode 

Rits 24:27 R Register set select bits 

Bits 28: 31 CoV Gel Condition code 

Bits 32:43 Reserved Must be zero 

Bits 44363 Program address (location counter) 


Refer to Chapter 10 for ietails on the interrupt inask bits. 
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1-21.21 Register Set Select (R) 


Bits 24:27 of the PSW are used to designate the current register 
sete Register sets are numbered 0 through 15. The processor has 
8 sets of general registers. (See Figure 1-3.) 


558 
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UNIMPLEMENTED | 
SETS 


Fe al GENERAL PURPOSE 


Figure 1-3 Register Set Numbering 


1.2-1.2 Condition Code (CVGL) 


Bits 28:31 of the PSW contain the condition code. As part otf the 
execution of certain instructions, the state of the condition 
code may be changed to indicate the nature of the result. Not 
all instructions affect the condition code. The state of thea 
condition code may be tested with conditional branch 
instructions. Fach bit in the condition coie is set if the 
corresponiing condition occurred as 3 result of the last 
instruction that affected the condition cod:2. The normal 
interpretation of these bits is: 


Arithmetic carry, borrow, or shifted tarry 
Arithmetic overflow 

Greater than zero 

Less than zero 
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1222123 Location Counter 


The location counter contains the address of the instruction 
currently being executed by the processor, and points to that 
instruction until it has successfully completed execution. Once 
this execution is completed, the location counter is incremented 
by 2, 4, 6, 8, 10, or 12 (depending upon the instruction 
executed), and the next instruction is fetched. In the case of 
a branch instruction, the location counter is loaded with the 
address to which control is being transferred, and the next 
instruction is fetched from that address. 


If an instruction is not successfully completed due to a fault or 
other interrupting condition, the location counter contains the 
address of the faulting or interrupted instruction. Whena 
program interruption is due to an incorrect branch address, the 
location counter contains the branch address and not the location 
of the branch instruction. 


122-2 General Registers 


The processor has eight register sets, numbered ) through 65, and 
15 (see Figure 1-3). Each register is 32 bits wide. Register 
set selection is determined by the state of bits 24:27 of the 
current PSW. Registers 1 through 15 of any set may be used as 
index registers. 


When an interrupt occurs, the processor loads pertinent 
information into preselected registers of the register set 
selected by the new program status word. For details of this 


operation, refer to Chapter 10. 


1-2-3 Floating-Point Registers 


There are eight optional Single-precision floating-point 
registers, each 32 bits wide. These registers are identified by 
the even numbers 9 through 14. 


There are eight optional double-precision floating-point 
registers, each 64 bits wide. These registers are also 
identified by the even numbers 0 through 14 and are separate fron 
the single-precision floating-point registers. Floating-point 
operations must always specify the registers with even numbers. 
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1.3 PROCESSOR INTERRUPTS 


The PSW that is loaded in the processor at any point in time is 
called the current PSW. If either the status word or both the 
location counter and status word are changed, a status switch is 
said to have occurred. This status switch can be caused 
explicitly by executing special instructions or can be forced to 
occur by an interrupt or fault. At the time of a status switch, 
the current PSW that is saved is called the old PSW. The  PSW 
that replaces the current PSW is called the new PSH. 


Interrupt conditions cause the entire PSwW to be replaced by a new 
PSW thus breaking the usual sequential flow of instruction 
execution. When an interrupt condition occurs, the processor 
saves its current PSW either in memory or ina pair of general 
registers belonging to the register set selected by the new PSK. 
It leads information related to the interrupt condition in other 
registers of this same set. A new PSW is loaded from a memory 
location reserved for the specific interrupt condition. The 
immediate interrupt is an exception to the rule. In this casa, 
the status portion of the new PSW, bits 0:31, is forced to a 
preset value, and the location counter is loaded from a memory 
location reserved for that interrupting device. Refer to Chapter 
10 for details on interrupt processing. 


1-4 RESERVED MEMORY LOCATIONS 


Physical memory locations X‘O’°-X'2CF* are called reserved Memory 
locations. These locations contain the various new PSdas and 
other information needed to handle interrupts. 


X¥'O000000'-X‘OOOOTF® reserved; must be zero 

X¥*°000020°-X*000027' Machine malfunction interrupt 
old PSW 

X¥°000028°-xX°000029° Reserved for console status 

X¥*00002A°-X°090002B° Reserved; must be zero 

X*°Q00002C°-X*OO00?F'° Machine malfunction LM block 
Start address 

X¥°000030°-X¥°000937° Tllegal instruction interrupt 
new PSW 

X¥°000038°-xX*O0003F’ Machine malfunction interrupt 
new PSW 

X¥*Q000040'-X'000043' Machine malfunction status 
word 

X'oo000u4u*-K*O000K7" Machine malfunction virtual 
(Program) address 

X*OQOO00048B*-X*OOOOUF® Arithmetic fault interrupt 
new PSW 

X*°Q000050°-X*°OOO0O07F® ¥ootstrap loader and device 
definition table 

X¥*°000080'°-XK°00008 3° System queue pointer 

X¥°000084'-X'000087' Power fail save area pointer 

X"000088°-X*°O0008F' System queue service interrupt 
new PSW 
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X*000090°-xX*"000097'° MAC interrupt new P5d 


X¥°000098°-X"00009B' Supervisor call new PSW status 
X¥*00009C*-X*OQOOOBR' Supervisor call new PSW location 
counter values (16 halfwords) 
X'OOOOBC’-X*OOOORF'® Reserved; must be z2ro 
X¥*°O0O000CO0*-X*OQO00CT® Reserved; must be z2ro9o 
X*°O0000CB8*-X*°OOO00CF® Data format fault naw PSwW 
X*O0000ND0'- X*O0002CF’ Interrupt service pointer table 
X*O0002D0°-X*0004UCF* Expanded interrupt service 
pointer table 
X*OO0O04D0'-X*O0008CF® Expanded interrupt service 


pointer table 


These reserved locations play an important role in both interrupt 
and input/output processing. Refer to Chapters 9 and 10. In 
addition to the above, certain locations are reserved for us2 by 
the MAC. Refer to Chapter 12 for details. 


All location counter values are subject to MAC relocation if the 


new PSW enables MAC (bit 21 = 1). All other pointers contain 
absolute addresses not subject to MAC relocation. 


1-5 PATA FORMATS 


The processor performs logical and arithmetic Operations on 
Single bits, 8-bit bytes, 16-bit halfwords, 32-bit fullwords, ani 
64-bit doublewcrds. This data may represent a fixeai-point 


number, a floating-point number, Logical information, a bit or 
byte array, or a decimal or alphanumeric byte string. 


Ae ek | Fixed-Point Data 


Fixed-point arithmetic op2rands may be either 16-bit halfwords or 
32-bit fullwords. In fullword multiply and divide operations, 
64-bit operands are manipulated. Fixed-point data is traatel as 
15-bit signed integers in the haltword format. Positive numnders 
are expressed in true binary form with a sign bit of zero. 
Negative numbers are repr2sented in two’s complenent form with 4 
sign bit of onee The numerical value of zero is represented vith 
all bits zero. Refer to Chapter 5 for details of fixed-point 
data representation. 


In fixed-point arithmetic and logical operations between a4 
fullword register and a halfword operand, the halfword oparani is 
expanded to a efullword by propagating the most significant bit 
into the high order bits before the operation is started. This 
permits the use of halfword to fullword operations vith 
consistent results and provides space economy, since small values 
need not require fullword locations. 


1-8 29-693 ROO 1/79 


Arithmetic operations on fixed-point halfword quantities may 
produce results not entirely consistent with those obtained in a 
16-bit processor. If this problem exists, the Convert to 
Halfword Value Register instruction (CHVR) may be used to adjust 
the result and the condition code, making them consistent with 
the same operations in 4a 16-bit processor. 


1.5.2 Floating-Point Data 


A floating-point number consists of a 7-bit exponent in excess-64 
notation and a signed fraction. The quantity expressed by this 
number is the product of the fraction and the number 16 raised t9 
the power represented by the exponent. Bach floating-point value 
requires a 32-bit fullword or a 54-bit double-word, of which 
eight bits are used for the sign and exponente The ramaining 
bits are used for the fraction. Refer to Chapter 6 for details 
of floating-point data representation. 


Floating-point operations take place between the contents of a 
floating-point register and another floating-point register, a 
floating-point operand contained ina fullword or double-word in 
memory, Or a general register or pair of general registers. 


1-5-3 Logical Data 


Logical operaticns manipulate 8-bit bytes, 16-bit halfworis, ani 
32-bit fullwords. In addition, it is possible td perform logical 
Operations on single bits located in bit arrays. ?efer to 
Chapter 3 for details of logical data representation. 


12524 Decimal String Data 


Decimal strings are strings of consecutive bytes in memory that 
begin and end on byte boundaries. Information contained in a 
decimal string may represent packed or unpackeil decimal data. 
Refer to Chapter 7 for details of decinal data formats and 
operations. 


1-5-5 Alphanumeric String Data 


Alphanumeric strings are strings of consecutive bytes in mnexory 
that begin and end on byte boundaries. Information contains? in 
an alphanumeric string may represent any character Stream 
including decimal string jiata. Refer to Chapter 7 for jetail: of 
alphanumeric string data format and operations. 
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12.6 DATA ALIGNMENT 


The following discussion is unique to the Model 3220 
implementation and is presented for information only. Any 
program that misuses a processor feature by taking advantage of 
a peculiarity of one implementation may not work on a different 
implerentation. 


Locations in main memory are numbered consecutively, beginning at 
address °00000°. Although memory is addressable and alterable to 
the byte level, machine accesses to memory involve only halfwords 
or fullwords. Those instructions reguiring a single byte access 
actually access a halfword and then manipulate the appropriate 
byte with the halfword. 


Memory can only be accessed to the halfword level, therefore, bit 
31 of the address is truncated at the memory. A halfword fetch 
at address *00051°, and a fetch at address X‘00050° produce the 
same halfword. There is no warning mechanism telling the progran 
that it is fetching halfwords on the odd byte boundary. 


The CAL Assembler generates an error flag it it sees halfword 
operations directed to an odd byte address or if it sees fullword 
operations directed to other than a fullword address. 


Bytes of information are addressed by their specific hexadecimal 
address. Two bytes form a halfword. Halfwords have an even 
address, the address of the left most byte in the pair. Two 
halfwords comprise a fullword. A fullword address is a multiple 
of four (4 bytes) and is the address of the left most halfword in 
the pair. The hardware actually truncates the least significant 
two address bits on fullword accesses, forcing proper alignnent. 
A data format fault is generated if a fullword access is directed 
to an address that has bit 30 or 31 set; or if a halfword store 
is directed to an address that has bit 31 set. 


1e7 INSTRUCTION ALIGNMENT 


User level instructions are always aligned on halfword 
boundaries. Any halfword address is valid regardless of the 
length of the instruction word. The CAL assembler generates 
boundary errors if the assembled location counter for an 
instruction becomes odd. At the machine level, attempts to make 
the instruction location counter odd by branching or causing a 
status switch are ignored by the hardware. In the Model 3220, 
location counter bit 31 is not implemented and is therefore 
always zero. Thus, a branch to address X‘'51° causes the location 
counter to be set to X°590°. 
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4-8 INSTRUCTION FORMATS 


1.8.1 Introduction 


Instruction formats provide a concise method of representing 
required operations for easy interpretation by the processor. 
Figure 1-4 shows the eight basic formats. The following is 3 
list of abbreviations and their meanings as used in Figure 1-4. 


OP Operation code 
R14 First operand register 
R2 Second operand register 
N A &W-bit immediate value 
X2 second operand single index register 
D2 Second operand displacement 
FX2 Second operand first index register 
SX2 second operand second index register 
A2 Second operand direct adiress 
I2 Second operand immediate value 
L1 Specifies the length of the first 
operand 
L2 Specifies the length of the second 
operand 
OPMOD Specifies a particular instruction within 
the class specified by OP 
ADD 1 The effective first operand adidreass 
ADD2 The effective second operand address 
Many instructions may be expressed in two or mor2 foranats. This 
feature provides flexibility in data organization and instruction 
sequencinge Nhen working with the Common Assembler Language 
(CAL) assembler, it is unnecesSary to specify the instruction 
format. The assembler selects the most economical format ani 
supplies the required bits in the machine coda. When double 


indexing is required, the assembler always chooses the RX3 
format. Refer to the Common Assembler Languag2 (CAL) Manual, 
Publication Number 29-640 
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REGISTER TO REGISTER (RR) 


18 31 


0 7 15 
pm | fof me 


0 7 15 17 31 
ee ee ee ee 


REGISTER AND INDEXED STORAGE 3 (RX3) 
0 7 


11 15 17 20 24 
fe fm | ne fofifole] xe [ie 7, | 


REGISTER AND IMMEDIATE STORAGE 1 (R11) 
0 7 iO. 15 31 


a ee ee 


REGISTER AND IMMEDIATE STORAGE 2 (R12) 
0 7 11 15 47 


OP RI X2 \2 


REGISTER AND INDEXED STORAGE, REGISTER AND INDEXED STORAGE (RXRX) 


0 7 11.12 31/47 39/55 43/59 63/79/95 


Figure 1-4 Instruction Formats 


| 
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128.2 Branch Instruction Formats 


Branch instructions use the RR, SF, and all variations of the RX 
formats. In the conditional branch instructions, however, the 21 
field does not specify a register; instead, it contains a mask 
value (labeled M1 in the instruction descriptions). This mask 
value is tested with the condition code. The CAL assembler 
provides a series of extended branch mnemonics, which nake it 
possible to specify a conditional branch without specifying the 
mask value explicitly. 


1.8.3 Programming Fxamples 


Each of the following examples refers to the sample assembly 
language program shown in Figure 1-5. Note the use of symbolic 
equates for general registers. Machine code generated and the 
result of each instruction are dependent upon the physical ani 
logical placement of the instructions, respectiv2ly. 


SERIES 3200 INSTRUCTION FORMAT EXAPPLES PAGE 1 18221:°44 02/09/79 
PROG= $3200 ASSEMBLED RY CAL 03-066R05-01 (32-BIT) 
1 $3200 PROG SERIES 3200 INSTRUCTION FORMAT EXAMPLES 
2 CROSS 
3 NOR X3 
0¢00 0005 5 R5 EQU 5 GENERAL REGISTER 5 
0000 0006 5 6 EQU é GENERAL REGISTER 6 
0000 0007 _ t RT EQU 7 GENERAL REGISTER 7 
0000 0008 & R8 EQU 8 GENERAL REGISTER 8B 
0000 0009 $3 39 FQU 9 GENERAL REGISTER 9 
0000 OQOOA 10 R10 EQU 10 GENERAL REGISTER 10 
0000 O00B 11 Ril EGU 11 GENERAL REGISTER 11 
ooo0dg00gT 245£ 13 SF LIs R5e14 (R5) = *0000000E8 
oo000n0g2! 0865 15 RR LR R6eR5 (R6) = *O000000E* 
000004! 4050 1000 17 RX1 EX] STH R5exX*1000°9 (X*1000%> = X*®Q00E* 
oo0008s! 4C56& OFF2 19° 3X16eEX2 STH R5eX*OFF2°(R6) (xe1000*) = xegooEee 
aqogococ! 4050 8004 =000014!1 21 RX20EX1 STH R5eL0C1 (LOC1) = X*OO0Ee 
0000101 4300 8004 =00001 8! 22 B RI1e£EX1 
0000147 ocoo c000 23 LOCI Dc Fegje TWO HALFWOZDS OF STORAGE 
0000181 C890 8000 25 RILeEX1 LHI R9eX*s000F (R9) = Y*FFFF8D00? 
OO0001CI C895 8000 27 RI1.EX2 LHI R9exX*H8000"(R5) (R9) = Y*FFFF800F? 
0000201 F8A0 0000 8000 29 RYI2CEX1I LI R10eX*8000?8 (210) = yeooo0o08sonn? 
0000261 F8BA 0001 TFFE 31 RI2ZEX2 LI R1I1eY*17FFE*® (210) (R11) = Y*OCC1LFFFE® 
OOO02CYI 4050 FFE4& =0006141 33 RKX2cEX2 STH R5eL0C1 (LOCI) = KX*OD0E?® 
OO0030I 4056 FFD2 =0000061 35 RXK2eEX3 STH R5etL0C1-14(R6) (LOC1) = X*O000E? 
000034! 5870 4001 0000 37 RX3 EX} L R7*eY¥*100009 (R7) = ¢€Y*0100008) 
OOO03AI 5885 4601 FFE4 39 IXZeEX2 L RBeY*20000*-29¢(R5e9RE) (RB = CY*C20000F) 
0000401 4300 FFBC -0O000001 40 B SF 
000044! 42 OND 
TY OS Wye OS SY DS 
\ ' | j i 
LOCATION OBJECT INFORMATION LABEL | OPERANDS COMMENTS 
COUNTER STATEMENT OP-CODE 


NUMBER 


Figure 1-5 Sample Program 
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1-8-4 Register-to-Register (RR) Format 


REGISTER TO REGISTER (RR) FORMAT 
0 7,8 11.12 15 


In this 16-bit format, bits 0:7 contain the operation code; bits 
8:11 contain the R1 field; and bits 12:15 contain the 82 field. 
In most RR instructions, the register specified by R81 contains 
the first operand, and the register specified by R2 contains the 
second operand. For example: 


Machine Code Label Assembler Notation 


0865 RR LR R6,R5 


i operand 


First operand 


Load Register (L2) instruction op-cole 


12.8.5 Short Form (SF) Format 


SHORT FORM (SF) FORMAT 
0 7 8 1112 15 


This 16-bit format provid2s space economy when working with snall 
values. Bits 0:7 contain the operation code; bits 8:11 contain 
the &1 field; and bits 12:15 contain the N fieli. In arithmetic 


Ps a to | Arm 


and logical operations, the register specified by Ri contains the 
first operand. The N field contains a 44-bit immediate value 
(0:15) used as the second operand. For example: 


Machine Code Label Assembler Notation 


245E SF LIS R5,14 


_ operand 
First operand 


Load Immediate Short (LIS) instruction op-coda 
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1.8.6 Register and Indexed Storage One (RX1) Format 


4 REGISTER AND INDEXED STORAGE ONE (RX1) FORMAT 
0 11.12 15 16 17 18 31 


This is a 32-bit format in which bits 0:7 contain the operation 
code; bits 8:11 contain the 81 field; bits 12:15 contain the X2 
field; bits 16 and 17 must be zero; and bits 18:31 contain the D2 
field. In general, the register specified by 81 contains the 
first operand. The second operand is located in memory at the 
address obtained by adding the contents of the second operand 
index register (specified by X2) and the 14-bit absolute address 
contained in the D2 field. For example: 


Machine Code Label Assembler Notation 


4050 1000 RX12EX1 STH R5,X*1000° 


7 


LCefines second operand address 

No index ragister specified 

First operand 

Store Halfword (STH) instruction op-coide 
The second operand address is calculated as follows: 


4 BITS 16 19 20 23 24 27 28 


| = 14-bit absolute address X’1000’ 
Indicates RX1 format 


No indexing is specified; therefore, the second operani address 
is X'1000°. 


Machine Code Label Assembler Notation 


4056 OFF2 RX12EX2 STH R5,X*OFF2° (R4) 


Py 


Tefines second operand address 
Register 5 to he used for indeving 
First operand 


Store Halfword (STH) instruction op-cole 
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565 


566 


The second operand address is calculated as follows: 


BITS 19 20 23 24 27 28 


0000 1111 1111 ou 
| tL 14-bit absolute address X’OFF2’ 
Indicates RX1 format 
second Orerand Address 


= contents of D2 field + contents of index register 6 (see 
Figure 1-5) 


= X*CFF2* + Y*QOQO0000E° 


= ¥'00001909G’ 


1-8.7 Register and Indexed Storage Iwo (8X2) Format 


0 11.12 15 16 17 31 
ee oe Ao | 


This format provides relative addressing capability in a 32-bit 
instruction word. Pits 0:7 contain the operand code; bits 8:11 
contain the R1 specification; bits 12:15 contain the X2 
specification; bit 16 must always be one; and bits 17:31 contain 
the relative displacement, D2. 


In the RX¥2 format, the register specified by R1 contains the 
first operand. The address of the second onerand, in menory, is 
calculated by adding the value contained in the incremented 
location counter (the address of the next sequential instruction) 
and the sum of (1) the 32-bit representation of the 15-bit signei 
number contained in the D? field, and (2) the contents of tha 
index register specified by X>. Negative numbers in the D2 field 
are expressed in two's complement notation. For example: 


Machine Code Label Assembler Notation 
4050 8004 RX2-EX1 STH R5,L0C1 


Defines second operand address 
No index register specified 
First operand 


Store Halfword (STH) instruction s»p-code 
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The second operand address is calculated as follows: 


Bea 16 19 20 23 24 27 28 


| 15 bit positive relative displacement 
Indicates RX2 format 


Second Orerand Address 


32-bit exransion of conteiuts of D2 field + contents of 
incremented location counter (see Figure 1-5). 


= Y¥*°C9O09990904" + Y*009000010" 


= Y*coo00dgd074" 
Machine Code Label Assembler Notation 


4050 FFEY RX2.EX2 STH R5,L0C1 


Lessee second operand address 
No index register specified 
First operand 
Store Halfword (STH) instruction sp-code 


The second operand address is calculated as follows: 


. BITS 16 19 20 23 24 27 28 31 


1111 1111 1110 | o100 | 
| ES 15-bit negative relative displacement 
i Indicates RX2 format 
Second Oreranid Address 


= 32-bit expansion or contents ot D2 tield + contents) of 
incremented location counter (see Figure 1-5). 


Y°FFFFFFE&* + Y¥°009000030" 


tt 


= ¥*COOO90 14" 
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Machine Code 


Label 


4056 FFD2 RX2- EX 3 


Register 6 to be used fo 


First operand 


Assembler Notation 


STH R5,LOC1-14 (26) 


Defines second operand address 


r indexing 


Store Halfword (STH) instruction op-code 


The second operand address is calculate 


BITS 16 19 20 23 24 


d as follows: 


| _—__e 15-bit negative relative displacement 


Indicates RX2 format 


Second Operand Address 
= 32-bit expansicn of DPD? fieid + contents of incremented 
location counter + contents of iniex register 6 (see 
Figure 1-5). 
= Y'RFFRFFDZ + Y'000009034" + Y'OOO0CIN0= 
= Y*'co0090014° 
1.8.8 Register and Indexed Storage Three (RX3) Format 
0 15 16 17 18 19 20 47 


Poe a ae 


This is a 48-bit format in which double 
Bits 0:7 contain’ the 
specification; bits 12:15 contain the f 
FX2; bit 16 must be zero; bit 17 must 
zero; bits 20:23 contain the second ind 
bits 24:47 contain a 24-bit address, A2 
is allowed even if first level indexing 


operation code; 


indexing is permitted. 
; bits 8:11 contain the R1 
irst index specification, 
be one; bits 18:19 must be 
ex specification, SX2; and 

Second level indexing 
is not specified. 
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In general, the first operand is contained in the register 
specified by R1.~ The second operand is located in memory. Its 
memory address is obtained by adding the contents of the first 
index register and the contents of the second index register, and 
then adding to this result the contents of the A2 field. For 


examples 
Machine Ccde Label Assembler Notation 
5870 4001 0000 RX3.EX1 L R7,Y*°10900° 


on second operand address 
Second level indexing not specified 
Specifies RX3 format 
First level indexing not specified 
First operand 
Load (L) instruction op-code 


The second operand address is calculated as follows: 


57! 
BITS 16 20 28 31 32 36 


24 40 44 47 
20-bit absolute address Y'10000’ 


Indicates RX3 format 


second Orerani Adiress 


= contents cf ALY field 


= ¥*¢0010000° 
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572 


BITS 


573 


Machine Ccde Label Assembler Notation 


5885 4601 FFE4 RX3~.EX2 L R8,Y°20000°-28 (25,25) 


Defines second operand address 


Ir 


Register 6 to be used for second level indexing 
Specifies RX3 format 

Register 5 to be used for first level indexing 
First operand 


Load (L) instruction op-code 


The second operand address is calculated as follows: 


16 20 28 31 32 


24 - 36 40 44 47 
| 20-bit absolute address Y’1FFE4’ ee 


Indicates RX3 format 


Second Operand Address 


= contents of A? field + contents of index register 5 + 
contents of index register 5 (see Figure 1-5). 


= Y'OOOTFFES* + Y*OOIJOOOOE® + Y*OQO0000EF° 


= ¥*00020000° 


1.8.9 Register and Immediate Storage One (RI1) Format 


0 7 8 11 12 15 16 31 
es ce Ge 
This format represents 42 32-bit instruction Word. Pits 337 


contain the operand code; bits 8:11 contain tne 1 Specification; 
and bits 16:31 contain tha 15-bit immediate valus, [2. 


1-20 29-693 ROO 1/79 


574 


In this format, the register specified by R1 contains the first 
operand. The 32-bit effective second operand is obtainei by 
adding together 32-bit representation of the signed 16-bit value 
contained in the I2 field, and the contents of the register 
specified by X2. For example: 


Machine Code Label Assembler Notation 
C890 8000 RI1.EX1 LHI R9,X‘°39000° 


Loo. immeiiate value 
No index register specified 
First operand 


Load Halfword Immediate (LHI) instruction op-coile 


The second operand is calculated as follows: 


BITS 16 20 24 28 31 


| 1000 | 0000 0000 0000 


Fe ae ee Sign Bit 


Second Operand 


= 32-bit representation of X‘'8000° 


= Y'FFFF8000° 


Machine Code Label Assembler Notation 
C895 8009 RI1T.EX? LHI R9,X°39000'(R5) 


16-bit immediate value 
Index register 5 specified 
First operand 


Load Halfword Immediate (LHI) instruction on-cole 
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576 


The second operand is calculated as follows: 


BITS 16 20 24 27 31 


| 000 | 0000 0000 0000 


Sign Bit 


Second Operand 


= 32-bit representation of X*8000° + the contents of thea 
index register 5 (see Figure 1-5). 


= Y'FFFFBOO0OO' + Y*OQOOO00D0DE’ 


= Y*FFFFS800F'* 


1.8.10 Register and Immediate Storage Two (RI2) Format 


0 7 11 15 47 
This is a 48-bit instruction format. Bits 3:7 contain the 


operation code; bits 8:11 contain the R1 sp2acification; bits 
12:15 contain the X2 specification; and bits 16:47 contain the 
32-bit immediate value, I2. 


The first operand is contained in the register specifiei by 21. 
The second operand is obtained by adding the contents of the 
index register, specified by X2, and the 32-bit immediate value 
contained in the [2 field. For example: 


Machine Code Label Assembler Notation 
F8AQ0 0009 8000 RI2-EX1 LI R10,X*8000° 


32-bit immediate field 
No index register specified 
First operand 


Load Imnediate (LI) instruction op-code 
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The second operand is calculated as follows: 


77 
BITS 16 20 


24 28 32 36 40 44 47 


32-bit immediate value 


Second Operand 


contents of I2 field 


it 


Y¥'00008000° 


Machine Code Label Assembler Notation 
F@BA 0001 TFFE RI2EX2? LI R11, Y°17FFR* (R19) 


32-bit immediate field 
Specifies index register 10 
First operand 


Load Immediate (LI) instruction op-code 


The second operand is calculated as follows: 
8 
BITS 16 20 


24 28 32 36 40 44 47 


32-bit immediate value 


Second Operand 


= contents of I2 field + contents of index register 10 (see 
Figure 1-5). 


= Y'OOOI7FFE*® + ¥*00008000° 


= Y'OOO1FFEE® 
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1.8.11 Register and Indexed Storage/Register and Indexed Storage 
(RXRX) Format (See Figure 1-6) 


The RXRX format resembles a pair of adjacent RX format 
instructions, tut represents only one instruction. Each member 
of the instruction pair may be any one of the sStaniard RX 
formats. For example, the first member might be RX1 and the 
second member might be RX3, resulting ina 10 byte instruction. 
The particular RX format chosen by the assembler for one member 
is independent of that chosen for the other; thus, the 
instruction can require 8, 10, or 12 bytes. 


OP contains the operation code that defines the RXRX instruction 


classe The actual operation to be performed is defined by the 
OPMOD field. 


The Li field specifies the length of the first operand string. 
If bit 0 of OPMCD is set, L1 is the length with a maximum value 
of 15. If bit 0 of OPMOD is zero, the general register specified 
by Li contains the length. The L2 field specifies the length of 
the second operand string. If bit 1 of OPMOD is set, this field 
contains the length with a maximum value of 15. If bit 1 of 


OPMOD is zero, the general register specified by L2 contains the 
length. 


The effective address calculated for the first member is the 
address of the left-most (lowest - address) byte of the first 
operand string. The effective address calculated for the second 
member is the address of the left-most byte of the second operand 
string. 


Machine Code Label Assembler Notation 


8C50 1000 0160 OFFO RX1.RX1 MOVE R5,X°1000°,R6,X°FFO* 


Defines second operand address 


No 2nd operand index 


eee 6 contains length of 2nd operand 
IPMOD value for MOVE 
Defines first operand address 
No 1st operand index 
Register 5 contains length of 1st operand 
RXRX format op-code 


In this example both members of the RXRX instruction use the RX1 
format. No indexing is specified for either member so the first 


operand address is X*1000°, and the second operand address is 
X°OFFO*. 
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bL/tL COHN €69-62 


579 RX1 OR RX2 RX1 OR RX2 


RX1 OR RX2 RX3 


Fa ee ee ee 


RX3 RX1 OR RX2 
DN nd A 
RX3 . | RX3 


———S SSS a SS SS ee 
IC 


a ene Ge a ee ev fe ee a eS OS ee ee Rf 


FIRST MEMBER SECOND MEMBER 


Figure 1-§ RX¥RX Formats 


Machine Code Label Assembler Notation 


8CAS 4601 FFE4Y E160 4002 8000 RX3.RK3 MOVEP =10,Y°1FFEU* 
(R5,86),=6,1°28000° 
Defines second operand address 
No 2nd op second level indexing 
Specifies RX3 format 
No 2nd op first level indexing 
znd op length is 6 bytes 


OP,MOD value for MOVEP, immediate 
lengths 1 and 2 


Defines first operand address 


kKegister 5 is second level 
index for 1st of 


Specifies RX3 format 


Register 5 is first level index 
for 1st op 


Ist op length is 10 bytes 
RXRX format op-code 


In this example, both members of the RXRX instruction use the Rk2 
format. Double indexing is specified for the first member anid no 
indexing is specified for the second member. The first operand 
address is X'1FFE4U" plus the contents of index registers 6 ani 5. 
The second operand address is X'28000°. The length of each of 
the first operand is ten bytes and the second operand is six 
bytese 
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CHAPTER 2 
SYSTEM CONTROL 


2-1 INTRODUCTICN 


Operator control is provided by the system control panel and the 
System Terminal, a microcode-supported device interfaced to the 
System by an asynchronous line controller. The system terminal 
may be used as the operating system's console device, and may be 
a visual display unit or a printing terminal. The asynchronous 
interface must be strapped as device numbers X°10° and X°11°. 


2-2 CONFIGURATION 


The system control panel, shown in Figure 2-1, controls power to 
the system, and Initial Program Loading (IPL). It also provides 
controls for system initialization, processor halt/run, and 
Single step. Light Emitting Diodes (LEDs) on the system console 
indicate current system state. 


580 


CPU SYSTEM 
POWER POWER FAULT 


SINGLE HALT/RUN ENABLE INIT O CG O 
LOCK () 
IPL ON READY FAIL 
STANDBY 


DISABLE 


Figure 2-1 System Control Panel 


Keyboard commands through the System Terminal allow the operator 
to examine and modify processor registers and main menory 
locations and then begin ferogram execution. (Refer to Figure 
2-2.) Hexadecimal characters and a number of special characters 
are recognized by the System Terminal support microcode. The 
characters accepted and their meanings are shown in Table 2-1. 
No other characters are accepted and cause a question mark (?) 
to be written to the System Terminal. When not in use for 
operator control, the System Terminal is available to. a running 
Program for use as an I/O device. See Appendix F for a flowchart 
of the console service routine. 
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TABLE 2-1 


58! 


KEY 
COMMAND 


SEQUENCE 


[an Yn Yn [mn Jo Ice 


RINE 


[Fn [cr 


[p[n ][cl 


& 


SYSTEM TERMINAL SUPPORT COMMAND SUMMARY 


MEANING 


Select memory address 
and display halfword 
contents 


Select general register 
and display contents 


Select single-precision 
floating-point register 
and display contents 


Select double-precision 
floating-point register 
and display contents 


Select program status 
word and display 
contents 


Increment memory 
location counter to 
display next sequential 
halfword 


Decrement memory 
location counter to 
display previous 
halfword 


Replace contents of 
currently selected 
memory location or 
register with new data 


Begin program execution 
at current memory 
location 


Delete Command 


SYSTEM 
TERMINAL 


DISPLAY 


<@nnnann 
nmononn YYYY 
< 

<Ra 
YYYYYYYY 
< 

<Fn 
YYYYYYYY 
< 

<Dn 
YYYYYYYY YYYYYYYY 
< 


<P 
YYYYYY YYYYYY 


YYYY 


YYYY 


for memory 


YYYYYYYY for register 


JAIAIAIA 
tN 


IA 
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1° Characters in boxes indicate operational key strokes 
required for commands. 


2% Character symbol of lower case "n" used to indicate 
hexadecimal address of memory or register.e 


3. Character symbol of upper case "Y" used to indicate 
hexadecimal contents of memory or register. 


4. Underlined characters are those output from the system. 
Characters not underlined are those typed by the 
operatcr.e 


5. A back arrow, or underline (X‘°5SF'), or a back space 
(X'O08*) character may be used to delete the previously 
input hexadecimal character. 

6. Space characters may be entered as desired. They are 


ignored by the processor. 


582 


_ Sao 
SOMES Oe 
~ (See 


GS. LL 
Ee 
a 


Figure 2-2 Model 550 Keyboard Layout 


2-3 SYSTEM CONTROL PANEL SWITCHES AND INDICATORS 
223-1 Key Operated Security Lock 


This is a three-position, STANDBY-ON-LOCK key-operated switch 
that controls primary power to the system. It can also disable 
(LOCK) the initialize and console switches, thereby preventing 
any accidental manual input to the system. The power indicator 
lamp (POWER) is on when the security lock is in the ON or _ LOCK 
position. 
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2e3e2 Control Switches 


All the control switches, with the exception of the Initial 
Program Load (IPL) switch, are enabled only when the key-operated 
security lock is in the ON position, and primary AC power is 
applied. 


HALT/RUN 


HALT/RUN This momentary contact switch causes Program 
execution to be halted if the system was running 
or resumed if the system was halted. When halted, 
control is given to the System Terminal support 
routine through which the memory or registers can 
be examined or modified ani program execution 


restarted. If the processor was already in the 
System Terminal support routine, program execution 
is started. This switch is disabled if the 


security lock is in the LOCK position. 
SINGLE STEP 


SINGLE When in the up position, control is automatically 
given to the System Terminal support routine at 
the conclusion of each user level instruction. 
The program status word is displayed, including 
the address of the next sequential instruction 
(location counter). Execution of the next 
instruction is caused by pressing the HALT/RUN 
switch or by typing a less than (<) character on 
the System Terminal. To resume normal run node 
execution, return the SINGLE STEP switch to the 
down position and begin execution by pressing the 
HALT/RUN switch or Ey typing the less than (<) 
character on the System Terminal. The SINGLE STEP 
Switch is disabled when the security lock is in 
the LOCK position. Attempts to single step 
through instructions that do I/0 to the System 
Terminal do not produce meaningful resuits. 


IPL 


ENABLE This switch is not disabled by the security lock. 
When in the ENABLE position, an Initial Program 
Load (IPL) from the Loader Storage Unit (LSJ) is 
performed after any of the following steps: 


1. turning the security lock from the STANDBY to 
ON position 
DISABLE 2. depression of the Initialize (INIT) switch 
3. return of AC power to the system 
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INITIALIZE 


INIT This momentary contact initialize Switch causes 
the system to be initialized. The initialization 
sequence clears all device controllers on the I/0 
bus and resets certain functions in the processor. 
The fault lamp (FAULT) comes on when the switch is 
depressed and is extinguished with the completion 
of the initialization sequence. 


2% OPERATING INSTRUCTIONS 
22-421 Power Up 


To prevent Initial Program Load (IPL) on power-up, place the IPL 
Switch in the DISABLE position. To power up the system, turn the 
key-orerated security lock clockwise from the STAND3Y to the ON 
position. The power lamp (POWER) lights, and power is provided 
to the system. The fault lamp (FAULT) on the system control 
panel also lights, and the microdiagnostic routine is entered. 
This routine exercises internal data paths and registers. If 
Main memory power has fallen out of regulation since the system 
was last running, locations X¥*°000000° to X‘O3FFFF* are 
initialized. The diagnostic routine tests the lowest 254k bytes 
of memory before extinguishing the FAULT lamp. This diagnostic 
is limited in scope, serving only to indicate a go/no goa 


condition. If an error is detected in any portion of the 
microdiagnostic, the microcode loops indefinitely, and the FAULT 
lamp remains one If no errors are detected, the FAULT lamp is 


turned off. 


224.2 Entering Console Service 


If power was lost while the microcode was in the console service 
routine, control is returned to the console when the power-up 
sequence is complete, provided that IPL is not enabled. If the 
system was executing a progran when power was lost, execution 
resumes when power returns, provided that IPL is not enabled. T> 
enter console service in this case, derress the HALT/RUN switch. 


24.3 Initial Program Load 


To perform Initial Program Load (IPL), place the IPL switch in 
the ENABLE position; then initialize the system by depressing the 
INIT switch momentarily. A power down/power up sequence is 
emulated, and diagnostics are performed. At the successful 
completion of the microdiagnostic sequence, an IPL from the LS! 
is performed. Control is transferred to the newly-loadad 
OLOgGramMme 
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2-5 SYSTEM TERMINAL COMMANDS 


When the System Terminal support routine is entered from power up 
or initialize, a carriage return and line feed sequence are 
outpute The current value of the PSW status and location counter 
are cutput, followed by another carriage return and line feed 
sequence. Finally, the less than (<) operator orompt character 
is output to indicate that the system is ready to receive 
operator commands. If memory power was lost, the location 
counter is set to X*OOOFFFFE', and the PSW is set to X‘*00008000°. 
In this case, the first 256k bytes of memory are written during 
power-up to establish the error correcting code bits. 


Space characters may be used as desired in any of the described 
system terminal commands. Spaces are ignored by the console 
routine. 


Paks Pa Select an Address and Examine "2" 


The “commercial at™ sign (a) places the console routine in the 
address mode. This character may be followed by up to five 
hexadecimal digits of address. Leading zeros are not required. 
If mere than five digits are input, only the least significant 
five are used. A carriage return is used to signal the end of 
the address; then the address inrut is copied into the location 
counter. A carriage return and line feed sequence are output, 
followed by the new value of the location counter and the 
halfword contents of that location. Note that the data fetch is 
subject to memory relocation if enabled by the current PSW. 
After this display, a carriages return and line feed Sequence are 
output, followed by a new operator prompt. 


If an invalid character is input by the operator, the systen 
responds by outputting a question mark (?), a carriage return, 
line feed, and an operator prompt. 


2-5-2 Increment and Examine Next Location "+" 


After examining a memory location, the plus character (+) can be 
used to advance the location counter by two. No other operator 
input is required. A carriage return and line feed are output, 
followed by the new location counter value and the halfword 
contents of that location. This memory access is subject to the 
relocation defined by the current PSW. After outputting another 
Carriage return and line feed, the operator prompt character is 
output. This procedure may be repeated to examine sequential 
memory locations. 


2-6 29-693 R00 1/79 


2-5-3 Decrement and Examine Prior Location *%-" 


After examining a memory location, the minus character (-) can be 
used to decrement the location counter by two. No other 
Operation is required. A carriage return and line feed are 
output followed by the new location counter value and the 
halfword contents of that location. This memory access is 
subject to the relocation defined by the current PSW. After 
outputting another carriage return and line feed the operation 
prompt character is output. This procedure may be repeated to 
examine sequential memory locations. 


20564 Modify Current Location "=" 


After examining a memory location, the equal sign (=) can be used 
to put the System Terminal Support routine in the memory write 
mode. This character may be followed by up to four hexadecimal 
digits of data to be written. Leading zeros are not required. 
If more than four digits are input, only the least significant 
four are used. A carriage return is used to signal the end of 
the data. At that time, the accumulated data is written into the 
memory location currently addressed by the location counter. 
This memory write is subject to the relocation defined by the 
current PSW. The current location counter is incrementei by two 
and a carriage return, line feed, and operator prompt are output. 
This procedure may be repeated to modify saquential memory 
locations. 


2-5-5 Examine General Register “R"™ 


The character (R) causes the console routine to interpret 
subsequent hexadecimal input as the number of a general register 
(in the set selected by the current  PSW) to be displayed. A 
carriage return is used to signal the end of hexadecimal input. 
At that time, the least significant four bits of the accumulated 
hexadecimal data are taken as the desired register number. The 
fullword contents of that register are output followed by a 
carriage return, line feed, and operator prompt. Plus and minus 
commands are invalid for general registers. 


2-5-6 Modify General Register “=" 


Immediately after examining a general register, the equal sign 
(=) can be used to change the contents of the currently selected 
register. The equal sign can be followed by up to eight 
hexadecimal digits of data. Leading zeros are not required. If 
more than eight digits ar2 input, only the least significant 
eight are used. A carriage return is used to signal the end of 
the data input. At that time, the accumulated data is copied 
into the currently selected general register. A carriage return, 
line feed, and cperator prompt are then output. 
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205-7 Examine Single-PrecisSion Floating-Point Register "“F" 


The character (F) causes the console routine to interpret 
subsequent hexadecimal input as the number of a single-precision 
floating-point register to be displayed. If the processor does 
not have single-precision floating point, this command character 
causes a question mark sequence to be output. A carriage return 
is used to signal the end of hexadecimal input. At that time, 
the least significant four bits of the accumulated hexadecimal 
data are taken as the desired register number. Tf necessary, 
this number is rounded to the next lowest even number. The 
fullwcrd contents of that register are output followed by a 
carriage return, line feed, and operator prompt. Plus and minus 
commands are invalid for floating-point registers. 


22528 Modify Single-Precision Floating-Point Register "=" 


Immediately after examining a single-precision floating-point 
register, that register is available for modification. Type an 
egual sign (=) followed by up to eight hexadecimal digits of 
data. Leading zeros are not required. If more than eight digits 
are input, only the least significant eight are used. A carriage 
return is used to signal the end of the data input. At that 
time, the accumulated data is copied into the currently selected 
Single-precision floating-point register. This data is not 
tested for normalization; therefore an unnormalized 
floating-point number can be manually placed in the register. 
The system outputs a carriage return, line feed, and operator 
prompt. 


22529 Examine Double-PreciSion Floating-Point Register "D" 


The character (D) causes the console routine to interpret 
subseauent hexadecimal input as the number of a double-precision 
floating-point register to be displayed. If the processor does 
not have double-precision floating point, this command character 
cauSes a question mark Sequence to be output. A carriage return 
is used to signal the end of hexadecimal input. At that time, 
the least significant tour bits of the accumulated hexadecimal 
data are taken as the desired register number. If necessary, 
this number is rounded to the next lowest even number. The 
doubleword contents of that register are output, followed by a 
carriage return, line feed, and operator prompt. Plus and minus 
commands are invalid for floating-point registers. 
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225-10 Modify Double-Precision Floating-Point Register "=" 


Immediately after examining a double-precision floating-point 
register, that register is available for modification. Type an 
equal sign (=) followed by up to 16 hexadecinal digits. Leading 
zeros are not reguired. If more than 16 digits are input, only 
the last 16 digits are used. A carriage return is used to signal 
the end of the data input. At that time, the accumulated data is 
copied into the currently selected double-yprecision register. 
The data is not tested for normalization; therefore, an 
unnormalized floating-point number could be manually placed in a 
double-precision register. The system outputs a carriage return, 
line feed, and operator prompt. 


225611 Examine Program Status Word ™P* 


The character (P) puts the console routine into the PSW display 
mode. A carriage return is required to complete this command 
input. Upon receipt of the carriage return, the contents of the 
PSW are output followed by a carriage return, line feed, and 
operator prompt. The plus and minus commands are invalid for the 
PSW. 


225212 Modify Program Status Word “=" 


Immediately after examining the PSW, the equal sign (=) can be 
used to change the contents of the PSW status field. The equal 
sign can be followed by up to six hexadecimal digits of data. 
Leading zeres are not required. If more than six digits are 
input, only the least significant six are used. A carriage 
return is used to Signal the end of the data input. At that 
time, the accumulated data is copied into the PSwW, which is then 
displayed. A carriage return, line feed, and operator prompt are 
then cutput. 
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2-6 MEMORY INITIALIZATION 


The fcllowing example shows how to set up dedicated low memory 
for lcading the 32-bit relocating loader from magnetic tape. 


< [a] [o] Select adiress ‘30° 


000030 0000 Location "30° already = °0000' 

< Advance to address ‘32° 

000032 B000 Location ‘32° already = °8000' 

< Advance to address ‘34° 

000034 0000 Location ‘34° already = *0009° 

< Advance to address ‘36° 

000036 1536 Location °36° contains *1536° 

< [=] [0] Change contents of °36° to °0050° 

000038 0000 Location *38' eontsns "0009°* 

< [a] [E] [0] Select address '50' 

C00050 D500 Location ‘50° already = °D500°, 

ee ee the auto-load instruction 

< Advance to address ‘'52' 

000052 OOCF Location '52° already = 'OOCF', 
the usnal ending address 

< Advance to address °54* 

000054 4300 Location *54" already = *4300° 

————— a ae a oranch instruction 

< Advance to address °554°* 

000056 0080 Location ‘56° already = ‘*0080° 


the usual branch address 


< [a] Select address ‘78° 


000078 C186 Location '78° contains ‘C186° 
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ia < (=| [a] Change ‘78° to ‘85A1', the device 


number and command byte for 
magnetic tape 


OOOO7A 0000 Location °7A* contains ‘*0000° 


< [a] [o| Select starting address ‘30° 


000030 0000 


< Start program execution 


After loading, the relocating loader places the processor in the 
wait state. The wait lamp on the consolette is one Depress the 
HALT/RUN switch to regain control at the System Terminal. The 
terminal response, for example is: 


008000 J3FBO00 
< 


which shows the PSW and the LCC pointing at the loader start 
address of *3F200°. Type the less than (<) character to begin 
execution of the relocating leader. 


2e7 FROGRAMMING INSTRUCTIONS 


The System Control Terminal (SCT) uses either a 2-line 
asyncronous communication multiplexor or an 8-line asynchronous 
mux interface. Since the microprogram of the processor must 
communicate with the SCT, the device address is fixed at X‘'910° 
and X'011°. The interface must be strapped for full duplex 
operation, 7 data bits, 2 stop bits, and even paritye Refer to 
the appropriate instruction manual for complete programming 
information. 


The microprogram programs the SCT for highest clock rate, two 


stop bits per character, seven data bits, and even parity. 
Fchoplex is 
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CHAPTER 3 
LOSICAL OPERATICNS 


3-1 INTRODUCTICN 


The set of lcegical instructions provides a means for the 
manipulation of binary data. Many of the instructions grouped 
with the logical set may also be used in arithnetic and other 
operations. These instructions include loads, stores, compares, 
shifts, list rrocessing, translation, and cyclic redundancy 
checks. 


3-2 DATA FORMATS 


Logical data may be organized as bytes, halfwords, fullwords, or 
bit arrays of uf to 232 bits as shown in Figure 3-1. 


0 HALFWORD 15 
0 FULLWORD 31 
0 BIT ARRAY N 


aes 


Figure 3-1 Logical Data 
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3.3 CPERATICNS 


In logical operations between the contents of a general register 
and a halfword operand, the halfword operand is expanded toa 
fullword before the operaticn starts. The halfword is expanded 
by propagating the most significant bits through bits 0:15 of the 
fullword. For example, the halfword ‘AO00° is expanded to 
*FFFFAOQOO* before participating in the operation. 


34361 Boolean Cperations 
The Boolean operators AND, OR, and Exclusive OR (XOR) operate on 


halfword and fullword quantities. All bits in both operands 
participate individually. The Boolean functions are defined as 


follows: 


AND 
AND 
AND 
AND 


(logical product) 


— 2 O O 
a © — © 


now We tt 


2a=O2d0o 


OR 
OR 
OR 
OR 


(logical sum) 


a2 OO 
—2 CO mm © 
otk abou 
at ad ot © 


i 


XOR 
XOR 
XOR 
XOR 


(logical difference) 


a2 3a OO 
2a © — © 
Ow 2 © 


Nou ol 


3.3.2 Translation 
The translate instruction is used to translate a character 


directly, or to effect an unconditional branch to a special 
translate subroutine. Associated with the translate instruction 


ws eka ee 2M oe SE LO 


is a translation table. The entries in the table are halfwords 
as shown in Figure 3-2. 


7 8 15 


0 
apo CHARACTER ENTRY SPECIFYING TRANSLATED 


CHARACTER 


lo (CHAR. HANDLING ROUTINE ADDRESS) /2 ENTRY SPECIFYING ADDRESS OF 


A CHARACTER HANDLING ROUTINE 


Figure 3-2 Translation Table Entry 
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The character to be translated is a byte of logical data. This 
unsigned quantity is doubled and used as an index into the 
translation table. If the corresponding table entry has a one in 
bit position zero, then bits 8:15 contain the character to be 
substituted for the data character. If there is a zero in bit 
position zero, bits 1:15 contain the address, divided by two, of 
the translation routine. When the translate instruction results 
in a branch, this value is doubled to produce the address of the 
routine. Because this result iS a 16-bit address, the software 
routine must be located in the first 64kb of the program address 
space. The program may reside anywhere in memory if it is 
relocated by the Memory Access Controller (MAC). The translation 
table may contain up to 256 entries. How2ver, if the data 
characters are always less than eight bits, fewer entries are 
required. 


3-3-3 List Processing 


The list processing instructions manipulate a circular list as 
defined in Figure 3-3. 
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0 15 16 31 


SLOT N 


Figure 3-3 Circular List Definition 


The first four halfworis, called the list header, contain the 
list Parameters. Immediately following the header is the list 
itself. The first fullword in the list is designated Slot 0. 
the remaining slots are designated 1, 2, 3, etce, up to a maximum 
slot number which is equal to the number in the list minus one. 
An absolute maximum of 65,535 fullword slots nay be specified. 
(Slots are designated © through X'FFFE'.) 
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The first halfword of the header indicates the number of slots 
(fullwords) in the entire list. The second halfword indicates 
the current number of slots being used. Ahen this halfword 
equals zero, the list is empty. When this halfword equals the 
number of slots in the list, the list is full. Ince initialized, 
this halfword is maintained automatically. It is incremented 
when elements are added to the list and decremented when elements 
are removed. 


The third and fcurth halfwords of the list heaier specify the 
current top of the list and the next bottom of the list, 
respectively. These pointers are also updatei automatically. 
See Figure 3-4. 
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CURRENT TOP ——? SLOT 1 


OCCUPIED 
SECTION 


NEXT BOTTOM 


Figure 3-4 Circular List 
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3.4 LOGICAL INSTRUCTION FORMATS 
The lcgical instructions use the Register-to-Register (RR), 


Short Form (SF), the Register and Indexed Storage (RX), and 
Register and Immediate Storage (RI) instruction formats. 


3.5 LOGICAL INSTRUCTIONS 


fhe instructions described in this section are: 


L Load 

LR Load Register 

LI load Immediate 

LIS Load Immediate Short 

LCS Load Complement Short 

LH load Halfword 

LHT Load Halfword Immediate 
LA Load Address 

LRA Loai Real Address 

LHL Load Haltword Logical 

LM load Multiple 

LB Load Byte 

LBR Load Byte Register 

EXHR Exchange Halfword Register 
EXBR Exchange Eyte Segister 
oO. Store 

STH Store Halfword 

STM Store Multiple 

STB Store Byte 

STBR Store Byte Pegister 

c Compare Logical 

CLR Compare Logical Fegister 
CLI Compare Logical Immediate 
CLH Compare Logical Halfword 
CLHI Compare Logical Halfword Immediate 
CLB Compare Logical Eyte 

N AND 

NR AND Register 

NI AND Immediate 

NH AND Halfwerd 

NHI AND Halfword Immediate 

C CP 

OR CR Register 

OT CR Immediate 

s) Ck Halfword 

OHI CR Halfword Immediate 

xX Exclusive OR 

ZR Fxclusive Of Register 

XI Fxclusive C® Immediate 
XH Exclusive Of Halfword 
XHI kxclusive 02 Halfword Immediate 
TI Test Imnediate 

THI Test Halfword Immediate 
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the 
the 


SLL 
SLLS 
SRL 
SRLS 
SLHL 
SLHLS 
SRHL 
SRHLS 
RLL 
RRL 
TS 
TBT 
SBT 
CBT 
R BT 
CRC12 
CRC16 
TLATE 
ATL 
ABL 
RTL 
RBL 


Shift Left Logical 

Shift Left Logical Short 

Shift Pight Logical 

Shift Right Logical Short 

Shift Left Halfword Logical 

Shift Left Halfword Logical Short 
Shift Right Halfword Logical 
Shift Right Halfword Logical Short 
Fotate Left Logical 

Rotate Right Logical 

Test and Set 

Test Bit 

Set Bit 

Complement Fit 

Reset Bit 

Cyclic Redundancy Check “odulo 12 
Cyclic Pedundancy Check Yodulo 14 
Translate 

Add to Top of List 

Add to Bottom of List 

Remove from Top of List 

Pemove from Pottom of List 
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3.5.1 Load 


Load (L) 
Load Register (LR) 
Load Immediate (II) 


Assembler Notation Op-Code Format 
L R1,D2(X2) 53 RX1,KX2 
L K1,A2(0FX2,SX2) 58 RX3 

LR R1,RZ 08 aR 

LI R1,12(X?2) F838 RED 


Operation 
The second operand replaces the contents of the register 
specified in R1. ‘ 


Condition Code 


Value is zero 
Value is not zero 
Value is not zero 


Programming Notes 

When the load instructions operate on fixed point data, the 
condition code indicates zero (no flags), nagative (L flay), or 
positive (G flag) value. 


In the RR format, if 1 equals R2, the Load instruction functions 
as a test on the contents of the register. 


In the RX formats, the second operand must pe located on a 
fullword tountary. 
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3.5.2 Load Immediate Short 
Load Immediate Short (LIS) 
Assembler Notation Op-Code Format 


LIS R1,N 24 SF 


Operation 
The 4-bit second operand is expanded to a 32-bit fullword with 


high order 28 bits forced to zero. This fullword replaces the 
contents of the register specified by 8&1. 


Condition Code 


Value is zero 
Value if not zero 


Programming Note 

When this instruction operates on fixed point data, the condition 
code indicates zero (no flags), or positive (G flag) value. 
Examples LIS 

Assembler Notation Machine Code Comments 


LIS REG&,15 244F LOAD 15 INTO REGU 


Result of LIS Instruction 


= Q0Q00000F 


wwe wy Ss 


oO“« 
° 

i 
my ¢ 
> 
ch 
cond 
ce) 
=) 
Qr 
te) 
[os 
19) 

it 
© 
oO 
a 
oO 
v-- 
> 
it 
NO 
all 
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3.5.3 Load Complement Short 


Load Complement Short (LCS) 


Assembler Notation Op-Code Format 
LCs R1,N 25 SF 


Operation 


The 4-bit second operand is expanded to a 32-bit fullword with 
high order bits forced to zero. The two's complement value of 
this fullword then replaces the contents of the register 
specified by R1. 


Condition Code 


Value is zero 
Value is not zero 


Programming Note 


When this instruction operates on fixed point data, the condition 
code indicates zero (no flags), or negative (L flag) value. 


Example: LCS 


Assembler Notation Machine Code Comments 
LCS REG8,7 2587 LOAD -7 INTO REGS 


Result of LCS Instruction 


(PEG8) = FFFF FFF9 
Condition Code=9001 (L=1) 
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$6504 Load Halfword 


Load Halfword (LH) 
Load Halfword Immediate (LHI) 


Assembler Notation Ovo-Code Format 
LH R1,02(X2) 48 RX1,RX2 
LH R1,A20FX2,SX2) 48 RX3 
LHI R1912¢%2) C8 rI1 


Cperation 


The halfword second operand is expanded to a fullword by 
propagating the most significant bit through bits 0:15. This 
fullword replaces the contents of the register specified by R1. 


Condition Code 
V 


G 


Programming Notes 


ore 


Value is zero 
Value is not zero 
Value is not zere 


20 fA 


oan 
a OO 


When the Load dalfword instructions operate on fixed noint data, 
the condition ccde indicates zero (no flags), negative (L flag), 
or positive (G flag) value. 


In the RX fornats, the seconi operand must be located on a 
halfword toundary. 


In the RI1i format, the if-bit I2 field is extendei to a fullwor 
by propagating the sign bit through bits 0:15. The contents of 
the index register specified by ¥2 are then added to form the 
fullword second cperand. 
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3.5.5 Load Address (LA) 


Assembler Notation Op-Code Format 
LA R1,D2(X2) E6 RX1,RX2 
LA R1,A2(0FX2,SX2) E6 RX3 


Operation 


The effective address of the second operand (24 bits) replaces 
bits 8:31 of the register specified by R11. Bits 0:7 of the 
register specified by R1 are forced to zero. 


Condition Code 


Unchanged 


Programming Note 


The length of the address quantity depends on the internal 
structure of the particular machine; thus, in this processor, 
with a maximum address length of 20 bits, the calculated address 
replaces bits 12:31 of the register specified by R1, and bits 
0:11 are forced to zero. In a processor with maximum address 
length of 24 bits, the calculated address replaces bits 8:31 of 
the register specified by R1, and bits 0:7 are replaced by zero. 
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3.5.6 Load Real Address (LRA) 


Assembler Notation Op-Code Format 
LRA R1,D2(X2) 63 RX1,RX2 
LRA R1,A2(FX2,SX2) 63 RX 3 


Operation 


This instruction simulates the operation of a memory access 
controller. The register specified by R1 contains a progran 
address (not relocated). The second operand address points to a 
relocation/protection module parameter block. 


The address contained in the register specified by Rk1 is 
relocated, using the appropriate parameters. The relocated 
address replaces the contents of the register specified by R1. 


Condition Code 


Not mapped (Limit violation) 
Not present 

Not writable 

Not executable 

No restrictions 


The condition ccde is determined on priority basis with Not 
Mapped having highest priority, Not Present second, Not Writable 
third, and Not Executable having lowest priority. 
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Programming Notes 


If the address is not mapped or not present, the register 
specified by R1 is unchanged. 


The second operand location must be located on ae fullword 
boundary. 
Examples: LRA 


This example performs an address translation in the Same manner 
as the MAC. 


For this example, Register 1 contains K*°54341°. MACREG is the 
starting address of a capy of the MAC Registers. The fifth 
fullword entry located at MACREG+X°14° contains X‘OFF24170°". 


Assembler Notation Machine Code Comments 
LRA REG1,MACREG 6310 3100 The first digit of the 


20-bit program address 
(5) is used to index into 
MACREG 


Result of LRA Instruction 
(REG1) = 28441 (24100 + 04341) 


MACREG Unchanged 
Condition Code = 0010 (not writable) 
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32 Det Load Halfword Logical (LHL) 


Assembler Notation Op-Code Forinat 
LHL R1,02(X2) 73 RX¥1,RX2 
LHL R1,A2€CFX2,S5¥%2) 73 RX3 


Operation 
The halfword second operand replaces bits 16:31 of the register 


specified by R11. Bits 0:15 of the register specified by R1 are 
replaced by zero. 


Condition Code 


Value is zero 
Value is not zero 


Programming Note 


The second operand must be located on a halfword boundary. 
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3.5.8 Load Multiple (LM) 


Assembler Notation Op-Code Format 
LM R1,D2(X2) D1 RX1,RX2 
LM R1,A2(FX2,SX2) D1 RX3 


Operation 


Successive registers, starting with the register specified by R1, 
are loaded from succesSive memory locations, starting with the 
location specified as the effective address of the second 
operand. Each register is loaded with a fullword from memory. 
The process stors when Register 15 has been loaded. 


Condition Code 


Unchanged 


Programming Notes 
The second operand must be located on a fullword boundary. 


The second operand address is formed before any registers are 
loaded; therefore, 2; FX2, and SK2 can be among the registers 
loaded. 


In the event of a machine malfunction due to a non-correctable 
memory error, or to a MAC Fault, the effective address calculated 
at the beginning of the instruction is available should a retry 
be desired. For details, refer to Chapter 10 and Chapter 12. 
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325.39 Load Byte 


Load Byte (LB) 
Load Byte Register (LPR) 


Assembler Notation Op-Code Format 
LB R1,D02(X2) D3 RX1,RXK2 
LB R1,AZ(FX2,SX2) D3 RX3 

LBR R1,82 93 RR 


Operation 

The 88-bit second operand replaces the least 
(bits 24:31) of the register specified by R1. 
register are forced to zero. 


Condition Code 


Unchanged 


Frogramming Wote 


Significant bits 
Bits 0:23 of the 


In the Load Byte fFegister instruction, the second operand is 
taken from the least significant eight bits (bits ?4:31) of the 


register specified by R2. 


3-16 
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3.5.10 Exchange Halfword Register (EXHR) 
Assembler Notation Op-Code Format 


E XHR R1,R2 34 RR 


Operation 

Bits 0:15 of the register specified by R2 replace bits 16:31 of 
the register specified by R1. Bits 16:31 of th2 register 
specified by R2 replace bits 0:15 of the register specified by 
R1. 


Condition Code 


Unchanged 


Programming Note 
If R1 equals R2, the two halfwords contained within the register 


are exchanged. If R1 does not equal R2, the contents of R? are 
unchanged. 


Examples EXHR 


Assembler Notation Machine Code Comments 

LI REGS, Y* OABCDEF9* F850 OABC DEFY (RES5) = OABCDEFY 
LI REG7, Y* 12345678" F870 1234 5678 CRES7) = 12345678 
EXHR REG5, REG? 3457 


Result of EXHR Instruction 
(REGS) =56781234 


(REG7) = 12345678 
Condition Code Unchanged 
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3.5.11 Exchange Byte Register (EXBR) 


Assembler Notation Op-Code Format 
EXBR R1,R2 9u RR 
Operation 


The two 8-bit bytes contained in bits 16:31 of the register 
specified by R2 are exchanged and loaded into bits 16:31 of the 
register specified by R1- Bits 0:15 of the register specified by 
R1 are unchanged. The register specified by R2 is unchanged. 


Condition Code 


Unchanged 


Programming Note 
R1 and R2 may specify the same register. In this case, the two 


bytes in bits 16:31 of the register specified by R2 are 
exchanged. 


Examples EXBR 


Assembtler Notation Machine Code Comments 

LI REG7, X*S5SA6B3C4UD'° F870 5SA6B 3C4uD (REG7) = SA6B3C4D 
LI REG3, Y°98761234° F830 9876 1234 (REG3) = 98761234 
EXBR REG7,REG3 9473 


Result of EXRBR Instruction 
(REG7) = 5A683412 

(REG3) = 98761234 
Condition Code Unchanged 
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325.12 Store (ST) 


Assembler Notation Op-Code Format 
aL R1,D2(X2) 50 RX1,RX2 
ST R1,A2(FX2,SX2) 50 RX¥3 


Nperation 

The 32-bit contents of the register specified by 1 replace 
contents of the fullword memory location specified by 
effective address of the second operand. 


Condition Code 


Jnchanged 


Programming Note 


The second operand location nust be on a fullword boundary. 
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the 
the 


305-13 Store Halfword (STH) 


Assembler Notation Or-Code Format 
STH R1,D2(X2) 40 RX1,RX2 
STH R1,A2(0FX2,SX2) 40 kX3 


Operation 

Bits 16:31 of the register specified by R1 replace the contents 
of the halfword memory location specified by the effective 
address of the second operand. 


Condition Code 


Unchanged 


Programming Note 


The second operand location nust be on a halfword boundary. 
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3.52.14 Store Multiple (ST¥) 


Assembler Notation Cp-Coie Frornat 
STM F1,D2(X%2) ho RX TP RX! 
STM R1,A2(FX2,5X2) BO RX3 


Cperation 

The fullwerd contents of registers, starting with the register 
specified by Ri, replace the contents of successive fullword 
memory locations, starting with the location specified by the 


effective address of the second operand. The process stops when 
register 15 has been storede 


Condition Code 


Jnchanged 


Programming Note 


The second operand location must he on a fullword boundary. 
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325215 Store Byte 


Store Byte (STB) 
Store Byte Register (STBR) 


Assembler Notation Op-Code Format 
STB R1,D2(X2) D2 RX1,RX2 
STB R1,A2(FX2,SX2) D2 RX3 
STBR R1,R2 92 RR 


Operation 

The least significant eight bits (bits 24:31) of the register 
specified by R1 are stored in the byte second operand location. 
Condition Code 


Unchanged 


Programming Note 
In the Store Byte Register instruction, the 8-bit quantity is 


stored in bits 24:31 of the register specified by R2.e Bits 0:23 
of the register are unchanged. 


Examples: STBR 


Assembler Notation Machine Code Comments 

LI REG&, Y'13577531° F840 1357 7531 (REG4) = 13577531 
LI REG3, Y*'24688642° F830 2468 8642 (REG3) = 24688642 
STBR REGU,REG3 9243 


Result of STBR Instruction 


(REG4) 13577531 
(REG3) 246886 31 
Condition Code Unchanged 
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3-52-16 Compare 


Compare Logical (CL) 
Compare Logical Register (CLR) 
Compare Logical Immediate (CLI) 


Assembler Notation Op-Code Format 
CL R1,D2(X2) 55 RX1,RX2 
CL R1,A2(0FX2,SX2) 55 RX3 

CLR R1,R2 95 RR 

CLI R1,12(X2) FS RI2 


Operation 


The first operand, the contents of the register specified by R1, 
is compared Ilcgically to the second operand. The result is 
indicated by the condition code setting. Neither operand is 
changed. 


Condition Code 


First operand equal to second 
First operand less than sezond 
First operand less than second 
First operand greater than second 
First operand greater than second 


Programming Notes 


In the RX formats, the second operand must be located on a 
fullword boundary. 


The state of the V flag is undefined. 
If the second oferand is zero, the C flag cannot sete 


It is meaningful to check the following condition code mask (1) 
after a logical comparison: 


Mask True/Fa lse* Inference 
3 False First operand egual to second 
3 True First operand not equal to second 
8 False First operand greater than or equal to 
second 
8 True First operand less than second 
*Refer to Charter 4 for True/False concept in branch 


instructions. 
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3.5.17 Compare Logical Halfword 


Compare Logical Halfword (CLH) 
Compare Logical Halfword Immediate (CLHI) 


Assembler Notation Op-Code Format 
CLH R1,D2(X2) us RX1,RX2 
CLH R1,A2(FX2,SX2) 45 RX3 
CLHI R1,I12(X2) cs RI1 


Operation 


The halfword second operand is expanded to a fullword by 
propagating the most significant bit through bits 0:15. The 
first operand, the contents of the register specified by R81, is 
compared to this fullword. The result is indicated by the 
condition code setting. Neither operand is changed. 


Condition Code 


First operand equal to second 
First operand less than second 
First operand less than second 
First operand greater than second 
First operand greater than second 


X 
X 
X 
X 
X 


Programming Notes 


In the RX formats, the second operand must bea located on 32 
halfword boundary. 


In the RI1 format, the 16-bit I2 field is extended to a fullword 
by propagating the sign bit through bits 0:15. The contents of 
the index register specified by X2 are then added to form the 
fullword second operand. 


The state of the V flag is undefined. 


If the second operand is zero, the C flag Cannot set. 
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It is meaningful to check the following condition code mask (M1) 
after a logical comparison: 


Mask True/False* Inference 
3 False First operand equal to second 
3 True First operand not equal to second 
8 False First operand greater than or 
equal to second 
8 True First operand less than second 
*Refer to Charter 4 for True/False conc2pt in branch 


instructions. 
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3.5218 Compare Logical Byte (CLB) 


Assembler Notation Op-Code Format 
CLB R1,D2(X2) DY RX¥1,RX2 
CLB R1,A2(0FX2,SX2) D4 RX3 


Operation 


The byte quantity, contained in bits 24:31 of the register 
specified by R1, is compared with the 8-bit second operand. The 
result is indicated by the condition code setting. Neither 
operand is changed. 


Condition Code 


First operand equal to second 
First operand less than-second 
First operand greater than second 


Programming Notes 
Both cperands are treated as unSigned quantities. 
If the second operand is zero, the C flag cannot set. 


It is meaningful to check the following condition code mask (M1) 
after a logical comparison: 


Mask True/False* Inference 
2 False First operand not greater than 
second 
2 True First operand greater than second 
operand 
3 False First operand equal to second 
3 True First operand not equal to second 
B False First operand greater than or 
equal to second 
8 True First operand less than second 
*Fefer to Chapter 4 for True/False conc2pt in branch 


instructions. 
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3-52-19 AND 

AND (N) 

AND Register (NR) 
AND Immediate (NI) 


Assembler Notation Op-Code 
N R1,D2(X2) 54 
N R1,A2€FX2,SX2) 54 
NR R1,K2 04 
NI R1,I12(X2) F4 


Operation 


The logical product of the 32-bit second operand and the 
R1 
The 32-bit logical product is formed 


of the register specified by 
register specified by R11. 
on a bit-by-bit basis. 


Condition Code 


Result is 
Result is 
Result is 


Programming Notes 


In the RX formats, the " second 


fullword boundary. 


When operating cn fixed-point data, 
negative (L flag), 


zero (no flags), 
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Format 


RX1,RX2 
RX3 

RR 

RI2 


contents 


replace the contents of the 


zero 
not zero 
not zero 


operand must be located on a 


the condition code indicates 
or positive (G flag) result. 


3-5-20 AND Halfword 


AND Halfword (NH) 
AND Halfword Immediate (NHI) 


Assembler Notation Op-Code Format 
NH R1,D2(X2) yy RX1,RX2 
NH R1,A2(0FX2,SX2) yy RX3 

NHI R1,I12(X2) Cy RI 1 


Operation 


The halfword second operand is expanded to a fullword by 
propagating the most significant bit through bits 0:15. The 
logical product of this 32-bit quantity and the contents of the 
register specified by &1 replace the contents of the register 
specified by R1. The 32-bit logical product is formei on 4a 
bit-by-~bit basis. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 


Programming Notes 


In the RX formats, the second operand must be located on a 
halfword boundary. 


In the RI1 format, the 16-bit I2 field is extended to a fullword 
by propagating the sign bit through bits 0:15. The contents of 
the index register Specified by X2 are then added to form the 
fullword second operand. 


When operating cn fixed-point data, the condition code indicates 
zero (no flags), negative (L flag), or positive (%3 flag) result. 
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325.21 OR 


OR (0) 
OR Register (OR) 
OR Immediate (OI) 


Assembler Notation Op-Code Format 
O R1,D2(X2) 56 RX1,RX2 
@) R1,A2(FX2,SX2) 56 RX3 

OR R1,R2 06 RR 

OI R1,12(X2) F6 RI2 


Operation 


The logical sum of the 32-bit second operand and the contents of 
the register specified by R1 replace the contents of the register 
specified by Ri. The 32-bit logical sum is formed on a 
bit-by-bit basis. 


Condition Code 


Resuit is zero 
Result is not zero 
Result is not zero 


Programming Notes 


In the RX formats, the second operand must be locatei on a 
fullwcrd boundary. 


When operating on fixed-point data, the condition code indicates 
zero (no flags), negative (L flag), or positive (G flag) result. 
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36 5e22 OR Halfword 


OR Halfword (OH) 
OR Halfword Immediate (OHI) 


AssembEler Notation Op-Code Format 
OH R1,D2(X2) 46 RX1,RX2 
OH R1,A2(FX2,SX2) 46 RX3 
OHI R1,12(X2) C6 RI1 


Operation 


The halfword second operand is expanded to a efullword by 
propagating the most significant bit through bits 0:15. The 
logical sum of this 32-bit quantity and the contents of the 
register specified by R1 replace the contents of the register 
specified by R1. The 32-bit logical sum is formed on a 
bit-~by-~bit basis. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 


Programming Notes 


In the RX formats, the second operand must be located on a 
halfweord boundary. 


In the RI1 format, the 16-bit I2 field is extended to a fullword 
by propagating the sign bit through bits 0:15. The contents of 
tha innraavy rani ctar ee ae | ig? gs os 


uw | ears Pee ae eee | “an > ee [| 
index register specified by X2 are then aaqaded to form the 


fullweord second operand. 


when operating on fixed-point data, the condition code indicates 
zero (no flags), negative (L flag), or positive (G flag) result. 
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3.5223 Exclusive OR 


Exclusive OR (X) 
Exclusive OR Register (XR) 
Exclusive OR Immediate (XI) 


Assembler Notation Op-Code Format 
X R1,D2(X2) 57 RX1,RX2 
x R1,A2(FX2,SX2) 57 RX3 

XR R1,R2 07 RR 

XI R1,12(X2) F7 RT 2 
Operation 


The legical difference of the 32-bit second operand and the 
contents of the register specified by R1 repiace the contents of 
the register specified by R1. The 32-bit logical difference is 
formed on a bit-by-bit basis. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 


Programming Notes 


In the RX formats, the second operand must be located on a 
fullword boundary. 


When operating on fixed-point data, the condition code indicates 
zero (no flags), negative (L flag), or positive (G flag) result. 
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3-5.-24 Exclusive OR Halfword 


Exclusive OR Halfword (XH) 
Exclusive OR Halfword Immediate (XHI) 


Assembler Notation Op-Code Format 
XH R1,D2(xX2) 47 RX1,RX2 
XH R1,A2(FX2,SX2) Q7 RX3 
XHI R1,12(X2) C7 R11 


Operation 


The halfword second operand is expanded to a fullword by 
propagating the most significant bit through bits 0:15. The 
logical difference of this 32-bit quantity and the contents of 
the register specified by R1 replace the contents of the register 
specified by R1. The 32-bit logical difference is formed ona 
bit-by-~bit basis. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 


Programming Notes 


In the RX formats, the second operand must ba locatei on a 
halfweoerd boundary. 


In the RI1 format, the 16-bit I2 field is extenied to a fullword 
by propagating the sign bit through bits 0:15. The contents of 
the index register specified by X2 are then add2d to form the 
fullword second operand. 


When operating cn fixed-point data, the condition code indicates 
zero (no flags), negative (L flag), or positive (G flag) result. 
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3.5.25 Test Immediate (TI) 
Assembler Notation Op-Code Format 


TI R1,12(X2) F3 RI2 


Operation 


Fach bit of the second operand is logically ANDed with the 
corresponding bit in the register specified by R1. Neither 
operand is changed. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 


Programming Notes 


When operating cn fixed-point data, the condition code indicates 
zero (no flags), negative (L flag), or positive (G flag) result. 


This instruction works the same as the AND Immediate instruction 
(NI) except that the first onerand is not changed. 

Example: TI 

This example tests if bit 16 of register 9 is set. 


(REG9) = 7EFBC2 30 


Assembler Notation Comments 
ies REG9, Y'OC008000° Test Bit 16 
BNZ LAS8EL Branch if bit is set 


Result of TI Instruction 
(REGS) Unchanged 


Condition Code = 90010 (G=1) 
The conditional branch is taken. 
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3.5.26 Test Halfword Immediate (THI) 


Assembler Notation Op-Code Format 
THI R1,12(X2) C3 RI1 
Operation 


The halfword second operand is expanded to ae fullword by 
propagating the most Significant bit through bits 0:15. Each bit 
in this quantity is logically ANDed with the corresponding bit 
contained in the register specified by R1. Neither operand is 
changed. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 


Programming Notes 


When operating on fixed-point data, the condition code indicates 
zero (no flags), negative (L flag), or positive (G flag) result. 


In the RI1 format, the 16-bit I2 field is extended to a fullword 
by propagating the sign bit through bits 0:15. The contents of 
the index register specified by kK2 are then added to form the 
fullword second operand. 


This instruction works the same as the AND Halfword Immediate 
instruction (NHI) except that the first operand is not changed. 
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Example: THI 


This example tests if any of bits 0:16 of register 9 is set. 


(REGS) = 80800000 


Assembler Notation Comments 
THI REG9,X*8000° Test bits 0:16 
BNZ LABEL Branch if any set 


Result of THI Instruction 
(REGO) Unchanged 


Condition Code = 0001 (L=1) 
The conditional branch is taken. 
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3.5.27 Shift Left 


Shift Left Logical (SLL) 
Shift Left Logical Short (SLLS5) 


Assembler Notation Op-Code Format 
SLL R1,12(X2) ED RI 1 
SLLS R1,N 11 SF 


Operation 


The first operand, the contents of the register specified by R1, 
is shifted left the number of places specified by the second 
operand. Bits shifted out of position 0 are shifted through the 
carry flag of the condition code and then lost. The last bit 
shifted remains in the carry flag. Zeros are shifted into 
position 31. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 
Carry 


Programming Notes 


In the RI1 format, the shift count is specified by the least 
Significant five bits of the second operand. The maximum shift 
count is 31. 

In the SF format 


The state of the C flag indicates the state of the last bit 
shifted out of position 0. 


If the second operand specifies a shift of zero places, the 
condition code is set in accordance with the value contained in 
the register. The C flag is zero in this case. 


When the register specified by R1 contains fixed-point data, the 


L flag set indicates a negative result; the G flag set indicates 
a positive result. 
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325-28 Shift Right 


Shift Right Logical (SRL) 
Shift Right Logical Short (SRLS) 


Assembler Notation Op-Code Format 
SRL R1,12(X2) EC RI1 
SRLS R1,N 10 SF 


Operation 


The first operand, the contents of the regiSter specified by R&1, 
is shifted right the number of places specified by the second 
operand. Bits shifted out of position 31 are shifted through the 
carry flag of the condition code and then lost. The last bit 
shifted remains in the carry flag. Zeros are shifted into 
position 0. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 
Carry 


Programming Notes 


In the RI1 format, the shift count is specifiei by the least 
significant five bits of the second operand. The maximum shift 
count is 31. 


In the SF format, the maximum shift count is 15. 


The state of the C flag indicates the state of the last bit 
shifted out of rfosition 31. 


When the register specified by R1 contains fixed-point data, the 
L flag set indicates a negative result; the G&G flag set indicates 
a positive result. 


If the second operand specifies a shift of zero places, the 


condition code is set in accordance with the value contained in 
the register. The C flag iS zero in this case. 
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3.5.29 Shift Left Halfword 


Shift Left Halfword Logical (SLHL) 
Shift Left Halfword Logical Short (SLHLS) 


Assembler Notation Op-Code Format 
SLHL R1,12(X2) CD RI1 
SLHLS R1,N 91 SF 
Operation 


Bits 16:31 of the register specified by R1 are shifted left the 
number of places specified by the second operand. Bits shifted 
out of position 16 are shifted through the carry flag ani lost. 
The last bit shifted remains in the carry flag. “Zeros are 
shifted into position 31. Bits 0:15 of the first operand remain 
unchanged. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 
Carry 


Programming Notes 


The condition code setting is based on the halfword (bits 16:31) 
result. 


In the RI1 format, the shift count is specifiei by the least 
Significant four bits of the second operand. The maximum shift 
count is 15. 


In the SF format, the maximum shift count is 15. 


The state of the C flag indicates the state of the last bit 
shifted out of rfosition 15. 


When the register specified by R1 contains fixed-point data, the 
L flag set indicates a negative result; the G flag set indicates 
a positive result. 


If the second operand specifies a shift of zero plac2s, the 


condition code is set in accordance with the value contained in 
bits 16:31 of the register. The C flag is zero in this case. 
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3.-5-30 Shift Right Halfword 


Shift Right Halfword Logical (SRHL) 
Shift Right Halfword Logical Short (SRHLS) 


Assembler Notation Op-Code Format 
SRHL R1,12(X2) CC RT1 
SRHLS R1,N 90 SF 
Operation 


Bits 16:31 of the register specified by R1 are shifted right the 
number of places specified by the second operand. Bits shifted 
out of position 31 are shifted through the carry flag and lost. 
The last bit shifted remains in the carry flag. Zeros are 
shifted into position 16. Rits 0:15 of the first operand remain 
unchanged. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 
Carry 


Programming Notes 


The condition ccde setting is based on the halfword (bits 16:31) 
result. 


In the RI1 format, the shift count is specifiei by the least 
Significant four bits of the second operand. The maximum shift 
count is 15. 


In the SF format, the maximum shift count is 15. 


The state of the C flag indicates tthe state of the last bit 
shifted out of position 31. 


When the register specified by R1 contains fixed-point data, the 
L flag set indicates a negative result; the G flag set indicates 
a positive result. 


If the second operand specifies a shift of zero places, the 
condition code is set in accordance with the halfword value 
contained in bits 16:31 of the register. The C flag is zero in 
this case. 


29-693 ROO 1/79 3-39 


3.5.31 Rotate Left Logical (RLL) 
Assembler Notation Op-Code Format 


RLL R1,12(X2) EB RI1 


Operation 


The 32-bit first operand, contained in the register specified by 
R14, is shifted left, end around, the number of positions 
specified by the second operand. Bits shifted out of position 0 
are shifted into position 31. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 


Programming Notes 


The shift count is specified by the least significant five bits 
of the second orerand. The maximum shift count is 31. 


When the register specified by R1 contains fixed-point data, thea 
L flag set indicates a negative result; the G flag set indicates 
a positive result. 


If the second operand specifies a Shift of zero places, the 


condition code is set in accordance with the value contained in 
the register specified by R1. 
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Examples RLL 


1.6 Assembler Notation Machine Code Comments 
LI REGYI,Y '56789ARC° F890 56789ABC (REGI)=56789ABC 
RLL REGIS, X‘0O004' EB90 OO004 


Result of RLL Instruction 


(REGI) = 6789ABC5 
Condition Code = 0010 (G=1) 


Dé Assembler Notation Machine Code Comments 
LI REGS, Y°88880000° F890 8888 0000 (REGI)=88880000 
RLL REGS, X°0Q3° EB90O 0003 


Result of RLL Instruction 


(REGI) = 44400004 
Condition Code = 0010 (G=1) 
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3.5232 Rotate Right Logical (RRL) 
Assembler Notation Op-Code Format 


RRL R1,12(X2) EA RI1 


Operation 


The 32-bit first operand, contained in the register specified by 
R1, is shifted right, end around, the number of positions 
specified by the second operand. Bits shifted out of position 31 
are shifted intc position 0. 


Condition Code 


Result is zero 
Result is not zero 
Result is not zero 


Programming Notes 


The shift count is specified by the least significant five bits 
of the second operand. The maximum shift count 1S 31. 


When the register specified by R1 contains fixed-point data, the 
L flag set indicates a negative result; the G flag set indicates 
a positive result. 


If the second ogerand specifies a Shift of zZz2ro places, the 


condition code is set in accordance with the value contained in 
the register specified by R11. 
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Examples: RRL 


1% Assembler Notation Machine Code 
LI REG4, Y° 12345678 '° F840 1234 5678 
RRL REG4&,X*O4* EA4O 0004 


Result of RRL Instruction 


(REGU) = 81234567 
Condition Code = 0001 (L=1) 


2e Assembler Notation Machine Code 
LI REGU, Y'00001111' F840 0000 1111 
RRL REGU,X'01° EA4O 0001 


Result of RRL Oreration 


CREGY) = '800009888'" 
Condition Cede = 0001 (L=1) 
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Comments 


(REG4) 


12345678 


Comments 


(REG4) 


00001111 


385653 Test and Set (TS) 


Assembler Notation Op-Code Format 
TS D2(X2) EO RX1,RX2 
TS A2(FX2,SX2) EO RX3 


Operation 


The halfword operand is read from memory and, on the same cycle, 
written back with the most significant bit sete The other bits 
in the halfword are unchanged. On the read cycle, the most 
Significant bit of the operand is tested. The condition code 
reflects the state of this bit at the time of the memory read. 


Condition Code 


Most significant bit is zero 
Most significant bit is set 


Programming Notes 
The second opnerand must be located on a halfword boundary. 


The 1S instruction provides a mechanism for software 
synchronization and can be used in a single-processor environment 
as fcllows: Two or more user tasks running under an operating 
system share a halfword. This halfword is located in a menory 
area referred to as Task Common. Each task can access the 
halfword using the TS instruction. The synchronization sequence 
may be as follows: 


TASK 1 Sets the most significant bit using the TS instruction. 

TASK 2 Senses the most Significant bit using the Ts 
instruction, sees that it is set, performs the necessary 
software synchronization, and then zeros the most 


Significant bit of the halfword. 


The TS instruction can be used in a multi-processor system as 
follows: Two or more processors share a halfword. This halfvord 
is located in a memory area referred to as Shared Memory. Fach 
processor can access the halfword using the TS instruction. The 
synchronization sequence can be as explained for user tasks with 
the following slight difference. Whereas TASK 1 and TASK 2 
cannot access the halfword at the same (real) time, two 
processors Cane The access is granted according to the relative 
priority of the two processors. 


The hardware ensures that no other accesses to the halfword are 
made during the execution of the TS instruction. 
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3.5.34 Test Bit (TBT) 


Assembler Notation Op-Code Format 
TBT R1,D2(X2) 74 RX1,RX2 
TBT R1,A2(FX2,SX2) 74 RX3 
Operation 


The second operand address points to a bit array starting 


on a 


byte boundary. The value contained in the register specified by 
R1 is the bit displacement into the array. Bits in the array are 
counted from left to right starting with bit 0. The argument bit 


is located and tested. The test does not change the bit. 
Condition Code 


Tested bit is zero 
Tested bit is one 


Programming Note 


For software compatibility with other processors, the bit 
should start on a halfword boundary. 


Example: TBT 


Assembler Notation Machine Code Comments 
LIS REG8,3 248 3 (REG8) = 3 
TRT REG8, LABEL 7480 OBCY LABEL = halfword 


array 


in memory at location 


X*OBCY'. It contains 


X*B34UA'. 


Result of TBT Instruction 


Memory Location X*RBC4' unchanged 
(REG8) unchanged 


Condition Code = 0010 (G=1)..-e-Bit 3 of location X‘'BCYU' is set. 


29-693 ROO 1/79 


Assembler Notation Op-Code Format 
SBT R1,D2(X2) 75 RX1,RX2 
SBT R1,A2(FX2,SX2) 75 RX3 
Operation 


The second operand address points to a bit array starting on a 
byte boundary. The value contained in the register specified by 
R1 is the bit displacement into the array. Bits in the array are 
counted from left to right starting with bit 0. The argument bit 
is located and set to one. 


Condition Code 


Previous state of bit was zero 
Previous state of bit was one 


Programming Note 


For software compatibility with other processors, the bit acray 
should start on a halfword boundary. 


Examples SBT 


Assembler Notation Machine Code Comments 

LIS REGS,8 2458 (REGS) = 8 

SBT REGS, LABEL 7550 1520 LABEL Located at 
X¥°1520°. It contains 
X¥°2134u°., 


Result of SBT Instruction 
Contents of LABEL = 21B4 


(REGS) unchanged 
Condition Code = 0000 (G=0) 
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3.5.36 Reset Bit (RBT) 


Assembler Notation Op-Code Format 
RBT R1,D2(X2) 76 RX1,RX2 
RBT R1,A2(FX2,SX2) 76 RX3 
Operation 


The second operand address points to a bit array starting on a 
byte boundary. The value contained in the register specified by 
R1is the bit displacement into the array. Bits in the array are 
counted from left to right starting with bit zero. The argument 
bit is located and forced to zero (reset). 


Condition Code 


Previous state of bit was zero 
Previous state of bit was one 


Programming Note 


For software compatibility with other processors, the bit array 
should start on a halfword boundary. 


Example: RBT 


Assembler Notation Machine Code Comments 

LIS REG2, 3 2423 (REG2) = 3 

RBT REG2, LABEL 7620 1A42 LABEL located 
at X°1A42° 


contains XK°3143°. 
Result of RBT Instruction 
Contents of LABFL = 2143 


(REG2) unchanged 
Condition Code = 0010 (G=1) 
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32-5237 Complement Bit (CBT) 


Assembler Notation Op-Code Format 
CBT R1,D2(X2) 77 RX1,RX2 
CBT R1,A2(FXZ,SX2) 17 RX 3 
Operation 


The second operand address points to a bit array starting on a 
byte boundary. The value contained in the register specified by 
R1 is the bit displacement into the array. Bits in the array are 
counted from left to right starting with bit 0. The argument bit 
is located and complemented. 


Condition Code 


Previous state of bit was zero 
Previous state of bit was one 


Programming Note 


For software compatibility with other processors, the bit array 
should start on a halfword boundary. 


Example: CBT 


Assembler Notation Machine Code Comments 

LIS RES9,3 2493 (REG9) = 3 

CBT REG9, LABEL 7790 OC4A LABEL located at 
X'°CWUA". It contains 
X°2813°. 


Result of CBT Instruction 
Contents of LABFL = 3813 


(REG9) unchanged 
Condition Code = 0000 (G=0) 
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3-52-38 Cyclic Redundancy Check 


Cyclic Redundancy Check Modulo 12 (CRC12) 
Cyclic Redundancy Check Modulo 16 (CRC16) 


Assembler Notation Op-Code Format 
CRC12 R1,D2(X2) 5E RX1,RX2 
CRC12 R1,A2(EX2,SX2) 5E RX3 
CRC16 R1,D2(X2) 5F RX1,RX2 
CRC16 R1,A2(FX2,SX2) 5F RX3 


Operation 

These instructions are used to generate either a 12-bit or a 
16-bit Cyclic Redundancy Check (CRC) residual halfword. The 
register specified by R1 contains, in bits 24:31, the data 
character to be included in the CRC residual. The second operand 
is the accumulated (old) CRC residual. The polynomial used for 
the 12-bit CRC generation is: 

The polynomial used for the 15-bit CRC generation is: 

The halfword second operand is replaced by the generated CRC 
residual. 


Condition Code 


Unchanged 


Programming Notes 
The register specified by R1 remains unchanged. 
The second operand must be located on a halfword boundary. 


Figure 3-5 illustrates a flow chart for CRC generation. 
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589 
START STEP 


(TEMP) <—(R1 96:31) G@) OLD CRC 1 
(COUNT) «—6 2 


SHIFT RIGHT 

(TEMP) <——______ (TEMP) 3 
BY 1 
YES 
NO 

(TEMP) <e—— (TEMP)G) x‘oFo1’ 4 
(COUNT): —————._ (COUNT) — 1 7 
SECOND OPERAND <———— (TEMP) 6 


CRC12 ALGORITHM SHOWN 

FOR CRC 16 ALGORITHM, USE: R1 94:31 INSTEAD OF R196-31 IN STEP 1 
8 INSTEAD OF 6 IN STEP 2 
X’'A001' INSTEAD OF X’0F01' IN STEP 4 


Figure 3-5 Flow Chart for CRC Generation 
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3.5.39 Translate (TLATE) 


Assembler Notation Op-Coie Format 
TLATE R1,D2(X2) E7 RX1,RX2 
TLATE R1,A2(FX2,SX2) E7 RX3 
Operation 


The least significant eight bits (bits 24:31) of the register 
specified by R1 contain the character to be translated. Thea 
fullword location specified by the second operand address 
contains the address of a translation table. The table is nade 
up of 256 halfwerds. The character contained in the register 
specified by &1 is used as an index into the table. 


If bit 0 of the table entry corresponding to the index character 
is one, bits 8:15 of the table entry replace the index character, 
and the next sequential instruction is executed. 


If bit 0 of the table entry is zero, bits 1:15 of the table entry 
contain the address, divided by two, of a special character 
handling routine. In this case, no translation takes place. [he 
address contained in bits 1:15 is shifted left by one (multiplied 
by two). This address replaces the current location counter, 
thereby effecting an unconditional branch to the special 
character handling routine. Translation of character string data 
may also be performed using the MVTU instruction. See Chapter 7. 


Condition Code 


Unchanged 


Programming Notes 


The second operand address must be located on a fullword 
boundary. 


0 aeie: 15 


TRANSLATED 
1 CHARACTER 
0] (CHAR. HANDLING ROUTINE ADDRESS) /2 


Example: TLATE 


This example illustrates the use of the TLAT& instruction. The 
translation table must either be initializei or assenblei to 
contain up to a total of 256 halfword entries. In this example, 
the table contains 2 entries: 
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Label Assembler Notation 


LHI REGS, X*8052" 

STH REGS, TABLE 

LA REG7,TRANLAB 

SRLS REG7,1 

STH REG7,TABLE+A 
TABADR DC ACTABLE) 
Alternatively, this table 
constant values. The T 


ALIGN 2 
TABLE EQU * 
DO 256 
DC H ‘O° 
ORG TABLE+4 
DC T (TRANLAB) 
ORG TABLE+512 


Since a program is normally assembled as a 
TRANLAB is 


the address of 


may 
type conStant may be used to assemble 
subroutine addresses in the proper format. 


Comments 


LOAD TABLE ENTRY INTO REGS 
PUT ENTRY INTO TABLE 

LOAD ANOTHER TABLE ENTRY 
DIVIDE BY 2 

PUT ENTRY INTO TABLE 


be assembled with the proper 


For example: 


relocatable 
but 


program, 


not known, for illustrative 


purposes assume the address of TRANLAB is X*864U°. 


591 0 


TABLE+0 
TABLE+2 
TABLE+4 
TABLE+6 
TABLE+8 
TABLE+10 
TABLE+12 


TABLE+508 


At TABLE+10 is 


1. Using this table, 
register 2. 


the address of TRANLAB divided by 2 (X'864'/2) 


this example translates the character in 


Label Assembler Notation Comments 
LIS REG2,2 (REG2) = 0000 0002 
TLATE REG2,TABADR 
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Result of TLATE Instruction 


(REG2) = 000C 0052 
Condition Code unchanged 


data at address of (2 times contents 
of REG2) + TABLE 

data at address TABLE + 4 

X°8052° 


The entry used 


Since the first bit of the entry is 1, direct translation is 
used and the contents of REG2 are replaced by X*0000 0052°. 


Using the takle, the following example shows how the TLATE 
instruction can be used to branch to a special character 
handling routine: 


Label Assembler Notation Comments 
LIS REGS, 5 (REG5) = 0000 0005 
TLATE REGS, TABADR 

TRANLAB LR R6,R5 THESE INSTRUCTIONS 
LB R3,0(R6) OPERATE ON THE 
° SPECIAL CHARACTER. 


Result of TLATE Instruction (continued) 


2o= 


(REGS) = 0000 0005 
Condition Code Unchanged 


Control is transferred to the subroutine at address TRANLARB 
(X*864"). 


data at address of (2 times contents 
of REGS) + TABLE 

data at address TABLE + A 

X¥*°0432° 


The entry used 


Since the first bit of the entry is 0, the entry is multiplied 
by 2, a transfer occurs to TRANLAB (at address X°864'), and 
the processor executes instructions from the new address. 
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3.5.40 ADD TO LIST 


Add to Top of List (ATL) 
Add to Bottom of List (ABL) 


Assembler Notation Op-Code Format 
ATL R1,D2(X2) 64 RX1,RX2 
ATL R1,A2(FX2,SX2) 64 RX3 

ABL R1,D2(X2) 65 RX1,RX2 
ABL R1,A2(FX2/SX2) 65 RX3 
Operation 


The register specified by R1 contains the fullword element to be 
added to the list, which is located in memory at the address of 
the second operand. The number of slots used tally is compared 
with the number of slots in the list. If the number of slots 
used equals the number of slots in the list, an overflow 
condition exists. The element is not added to the list and the 
overflow flag in the condition code is sete 


If the number of slots used tally is less than the number of 
slots in the list, it is incremented by one, the appropriate 
pointer is changed, and the element is added to the list. Refer 
to Figure 3-4. 


Condition Code 


Element added successfully 
List overflow 
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Programming Notes 


These instructions manipulate circular lists as iescribed in the 
introduction to this chapter. 


The second operand location must be on a fullwori boundary. 


The ATL instruction manipulates the current top pointer in the 
list. If no overflow occurs, the current top pointer, which 
points to the last element added to the top of the list, is 
decremented by onee The element is inserted in the slot pointed 
to by the new current top pointer. If the currant top pointer 
was zero on entering this instruction, the current top pointer is 
set to the maximum slot number in the list. This condition is 
referred to as list wrap. 


The ABL instruction manipulates the next bottom pointer. If no 
overflow occurs, the element is inserted in the slot pointed to 
by the next bottom pointer, and the next bottom pointer is 
incremented by one. If the incremented next bottom pointer is 
greater than the maximum slot number in the list, the next bottom 
pointer is set to zero. This condition is referred to as list 
wraDbe 


For the non-overflow situation, pointer halfwords in the list 
header are not manipulated until after the element has been 
successfully added. This facilitates error recovery in the event 
of a memory fault. 


See examples in the next section. 
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3-52-41 Remove From List 


Remove from Top of List (RTL) 
Remove from Bottom of List (RBL) 


Assembler Notation Op-Code Format 
RTL R1,D2(X2) 66 RX1,RX2 
RTL R1,A20FX2,SX2) 66 RX3 

RBL R1,D2(X2) 67 RX1,RX2 
RBL R1,A2(FX2,SX2) 67 RX3 
Operation 


The element remcved from the list replaces the contents of the 
register specified by R1. The list is located at the address of 
the second operand. If, at the start of the instruction 
execution, the number of slots used tally is zero, then the list 
is already empty and the instruction terminates with the overflow 
flag set in the condition codee This condition is referred to as 
list underflow; in this case, R1is undefined. If underflow does 
not occur, the appropriate pointer is changed, the element is 
extracted and placed in the register specified by R1, and the 
number of slots used tally is decremented by one. 


Condition Code 


List now empty 
List is not yet empty 
List was already empty 


Programming Notes 


These instructicns manipulate circular lists as described in the 
introduction to this chapter. 


The second operand location must be on a fullword boundary. 


In the case of list underflow, the contents of the register 
specified by R1 are unchanged. 


The RTL instruction manipulates the current top pointer. If no 
underflow occurs, the current top pointer points to the element 
to be extracted. The element is extracted and placed in the 
register specified by R1. The current top pointer is incremented 
by one and cogspared to the maximum slot number. If the current 
top pointer is greater than the maximum Slot number, the current 
top pointer is set to zero. This condition is referred to as 
list wrap. 
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The RBL inStruction manipulates the next bottom pointer. Tf no 
underflow occurs, and the next bottom pointer is zero, it is set 
to the maximum slot number (list wrap); otherwise, it is 
decremented by one, and the element now pointed to is extracted 
and placed in the register specified by P1. 


For the non-underflow situation, pointer halfwords in the list 
header are not manipulated until after the element has been 
successfully removed. The register specified by R1 is not 
modified until the header has been updated. This facilitates 
error recovery in the event of a memory fault. 


Fxamples: List Instructions (ATL, ABL, RTL, RBL) 


The following are examples of the use of the four list processing 
instructions. 


The original list is normally set up as shown in Figure 3-6. 


590 


LIST } coos | 0000 | WHERE HALFWORDS AT 
LIST = MAXIMUM #OF SLOTS 
SLOT O = 5 (IN THIS EXAMPLE) 
SLOT 1 LIST +2 =  # OF ENTRIES USED 
SLOT 3 LIST +4 = CURRENT TOP OF LIST 
SLOT 4 =  S§LOTO 
ae LIST +6 = NEXT BOTTOM OF LIST 
=  SLOTO 


Figure 3-6 List Processing Instructions 
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Assembler Notation 


LIS 


STH 


ST 

LIS 
LIS 
LIs 
LIS 
LIS 
LIS 


STH 


REGO,0 


REGO, LIST +2 


REGO, LIST +4 
REG1,1 
REG2,2 
REG3,3 
REG4,4 
REG5,5 
REG6,6 


REGS, LIST 


Results and Comments 


INITIALIZE NUMBER OF ENTRIES 
USED TO 0 


INITIALIZE POINTERS TO 0 
REGISTERS 1 THROUGH 6 CONTAIN 


1 THROUGH 6 RESPECTIVELY 


TOTAL NUMBER OF ENTRIES = 5 
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592 REF 1 ATL REG1,LIST 


REF2 ATL REG2,LIST 


REF3 ATL REG3,LIST 
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LIST 


SLOT 0 
SLOT 1 
SLOT 2 
SLOT 3 
SLOT 4 
Condition Code = 0000 


Current Top Pointer = 
Next Bottom Pointer = 


LIST 


Condition Code = 0000 


Current Top Pointer = 
Next Bottom Pointer = 


SLOT 0 
SLOT 1 
SLOT 2 
SLOT 3 


SLOT 4 


Condition Code = 0000 
Current Top Pointer = 
Next Bottom Pointer = 


cc 


UNDEFINED 
0000 0001 


Slot 2 
Slot 0 


(List Wrap) 


Slot 3 
Slot 0 


84 REFG ABL REG4,LIST LIST 2005/0004 


Condition Code = Q000 
Current Top Pointer = Slot 2 
Next Bottom Pointer = Slot 1 


REEFS ABL REGS,LIST LIST 0005 
SLOT 4 9000 0001 


Condition Code = 0009 
Current Top Pointer = 
Next Bottom Pointer = Slot 2 


RE E6 ABL R£Gs6,LIST bipt 


Condition Code = 0100 (List 
Current Yop Pointer Slot 2 overflow) 
Next Bottom Pointer slot 2 


3-60 29-693 R00 1/79 


593 REF7 RTL REG7,LIST LIST 0005] 0004 
0003[0002 | 
SLOT 4 


09000 0001 


(REG7) = 0000 0003 
Condition Code = 0010 
Current Top Pointer 
Next Bottom Pointer 


REF8 RBL REG#, LIST LIST | 0005]0003 


SLOT 3 0900 0002 


Slot 3 
Slot 2 


nod 


SLOT 4 0000 0001 


(REG8) = 0000 0005 
Condition Code = 0010 


Current Top Pointer = Slot 3 
Next Bottom Pointer = Slot 1 
NOTE 
X = Entry removed from list, and is 
not accessible through further 


manipulation by list instructions. 
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REF9 


REE 10 


RTL REGO,LIST 


RBL REG10,LIST 


X = Entry 


List 


SLOT 0 

SLOT 1 X 
SLOT 2 X 
SLOT 3 X 


SLOT 4 0000 0001 


(REG) = 0000 09002 
Condition Code = 0010 


Current Top Pointer = Slot 4 

Next Bottom Pointer = Slot 1 
LIST 

SLOT O X 

SLOT 1 X 

SLOT 2 X 

SLOT 3 X 

SLOT 4 0000 0001 

C(REG10) = 0000 0004 

Condition Code = 0019 

Current Top Pointer = 4 

Next Bottom Pointer = 0 


NCTE 


removed from list, ani is 


not accessible through further 
manipulation by list instructions. 
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°° REF11. RTL REG11,LIST LIST 


SLOT O X 
SLOT 1 X 
SLOT 2 X 
SLOT 3 X 


SLOT 4 X 


(REG11) = 0000 0001 
Condition Code = 0000 (List is now empty) 
Current Top Pointer = 0 

Next Bottom Pointer = 0 


0005|0000 
0000; 0000 


REF12 RTL REG12,LIST LIST 


SLOT 0 x |0000 0004 

SLOT 1 X 
SLOT 2 xX 
ne #3 
SLOT 4 X 


(RES12) = UNDEFINED 
Condition Code = 0100 (List was 


Current Top Pointer = 0 already empty) 
Next Bottom Pointer = 0 
NOTE 
X = Entry removed from list, and is not 


accessible through further manipulation 
by list instructions. 
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CHAPTER 4 
BRANCHING 


4.1 INTRODUCTION 


In normal operations, the processor executes instructions in 
sequential order. The branch instructions allow this sequential 
mode of operation to be varied, so that programs can loop, 
transfer control to subroutines, or make decisions based on the 
results of previous operations. 


G2 CPERATIONS 


The second operand of a branch instruction is the address ot the 
memory location to which control is transferred. The address may 
be contained in a register or it may be specified in the 
instruction as the second operand address or as a displacement. 


W.e2e1 Decision Making 


The conditional branch instructions permit the program to make 
decisions based on some result. In these instructions, the R1 
field contains a 4-bit mask, 41, which is tested by ANDing it 
with the condition code. The result of the test determines 
whether the branch is taken, or the next Sequential instruction 
is executed. 


The following examples show previous condition coda, mask 
specified in a branch instruction, and the result of the test on 
which the branch or no branch decision is made. 


Branch 3ranch 
Condition Kesult (True/ True False 
Code Mask(M1) of Test False) Taken Taken 
0000 0010 0000 (False) No Yes 
0001 1010 0000 (False) No Yes 
1001 1009 1000 (True) Yes No 
0100 0100 0100 (True) Yes No 
101C 0010 001G (True) Yes No 
0010 0011 0910 (True) Yes No 
0010 0000 0000 (False) No Yes 
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4Ue2e2 Subroutine Linkage 


The branch and link instructions allow branching to subroutines 
in such a way that a return address is passed to the subroutine. 
For these instructions, the address of the memory location 
immediately following the branch instruction is saved in the 
register specified by R11. 


4.3 BRANCH INSTRUCTION FORMATS 
The branch instructions use the Register-to-Register (RR), the 


Short Form (SF), and the Register and Indexed Storage (RX) 
formats. 


4.4 BRANCH INSTRUCTIONS 


The instructions described in this section are: 


BFC Eranch on False Condition 

BFCR Branch on False Condition Register 

BFBS Pranch on False Condition Backward Short 
BFFS Eranch on False Condition Forward Short 
BTC Branch on True Condition 

BTCR Branch on True Condition Register 

BTBS Branch on True Condition Backward Short 
BTFS Branch on True Condition Forward Short 
BAL Branch and Link 

BALR Branch and Link Register 

BXLE Branch on [Index Low or Equal 

BXH Branch on Index High 
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He4.1 Branch on True 


Branch on True Condition (BTC) 

Branch on True Condition Register (BTCR) 
Branch on True Condition Backward Short (BTBS) 
Branch on True Condition Forward Short (BTFS) 


Assembler Notation Op-Code Format 
BTC M1,D2(X2) 42 RX1,RX2 
BTC M1,A2(FX2,5X2) 42 RX3 
BTCR M1,R2 02 RR 

BTBS M1,N 20 SF 

BTFS M1,N 21 SF 


Operation 

The condition code cf the Program Status Word (PSW) is tested for 
the conditions specified by the mask field, M1. tS a any 
conditions tested are found to be true, a branch is taken to the 


second operand location. If none of the conditions tested is 
found to be true, the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 


In the RR format, the branch address is contained in the register 
specified by R2. 


In the SF format, the N field contains the number of halfwords to 
be added to or subtracted from the current location counter to 
obtain the branch address. 


In the RR and RX formats, the branch address must be located on 
a halfword boundary. 
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Example: BTC 


Assembler Notation 


LH 
BTC 


R1,X°100° 
3,LO0C 


Machine Code 


4810 0100 
4230 ABCO 


Comments 


Load halfword (X°1234°) 
located at X‘'100°. Condi- 
tion code is set to CVGL = 
0010. Mask is 35 Le@e, 
M1=0011. Perform logical 
AND between CVGL and “M1, 
ieee, 0010 AND 0011. The 
result is 0010, ieee, true; 
therefore, a branch is 
taken to LOC. 
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4Y4.2 Branch on False 


Branch on False Condition (BFC) 

Branch on False Condition Register (BFCR) 
Branch on False Condition Backward Short (BFBS) 
Branch on False Condition Forward Short (BFFS) 


Assembler Notation Op-Code Format 
BFC M1,D2(X2) 43 RX1,RX2 
BFC M1,A2(FX2,SX 2) 43 RX3 
BFCR M1,R2 03 RR 

BFBS M1,N 22 SF 

BFES M1,N 23 SF 


Operation 

The ccondition code of the PSW is tested for the conditions 
specified in the mask field, M1. If all conditions tested are 
found to be false, a branch is taken to the second operand 


location. Tf any of the conditions tested is found to be true, 
the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 


In the RR format, the branch address is contained in the register 
specified by R2. 


In the SF format, the N field contains the number of halfwords to 
be added to or subtracted from the current location counter to 
obtain the branch address. 


In the RR and RX formats, the branch address must be located on 
a halfword boundary. 


Example: BFC 


Assembler Notation Machine Code Comments 

LCS R1,2 2512 (R11) = FFFFFFFE. Condition 

BFC 9, LOC 4390 ABCO code, CVGL = 0001 mask is 
1001. Perform logical AND 
between mask and CVGL, 


ie€e, 1001 AND 0001. The 
result is 0001, i.e., true; 
therefore, a branch is not 
taken in LOC. 
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4.4.3 Branch and Link 


Branch and Link (BAL) 
Branch and Link Register (BALR) 


Assembler Notation Op-Code Format 
BAL R1,D2(X2) 4 RX1,RX2 
BAL R1,A2(FX2,SX 2) 44 RX3 
BALR R1,R2 01 RR 


Operation 

The address of the next sequential instruction is saved in the 
register specified by R11, and a branch is taken to the second 
operand address. 


Condition Code 


Unchanged 


Programming Notes 
The second operand location must be on a halfword boundary. 


The branch address is calculated before the register specifiei by 
R1 is changed. R1 may specify the same register as X2, FX2, 3X2, 
or R2. 


Examples BAL 


The following example illustrates the use of the BAL instruction. 
This instruction causes control to be transferred to a subroutine 
called SUPROUT. After completion of the subroutine, the linking 
register is used to branch back to the next’ sequential 
instruction after the BAL; iee., the instruction labeled RETURN. 
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Label Assembler Notation Comments 


BEGIN BAL REG&Y,SUBROUT TRANSFER TO SUBROUT 
MAIN RETURN XR R6,R6 
PROG STH R6,LAB+4 
SUBROUT LHL R8,LOC THE RETURN ADDRESS 
OF THE SUBROUTINE 
IS IN REGY 
SUBROUTINE AHI R8,10 
RTNEND BR REGU - RETURN TO XR INST. 
NOTE 


The linking register (REGY in the 
example) should not be used within the 
subroutine. 


Result of BAL Instruction 


(REG4Y) = Address of instruction at SUBROJT 
Condition Code Unchanged 
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597 


4.4.4  $ Branch on Index Low or Equal (BXLE) 


Assembler Notation Op-Code Format 
BXLE R1,D2(X2) C1 RX1,RX2 
BXLE R1,A2€0FX2,SX2) C1 RX3 
Set Up 

0 31 
R1 
R1+1 
R1+2 Limit or final value 


Before execution of this instruction, the register specified by 
R1 must contain a Starting index value. The register specified 
by R1i+1 must contain an increment value. The register specified 
by R1+2 must contain a comparand (limit or final value). All 
values may be signed. 


Operation 

Execution of this instruction causes the increment value to ba 
added to the index value, creating a new index value. The result 
is compared logically to the limit or final value. If the new 
index value is less than or equal to the limit value, a branch is 
taken to the second operand location. If the new injex value is 
greater than the limit value, the next Sequential instruction is 
executed. 


Condition Code 


Unchanged 


Programming Notes 


The incremented index value replaces the contents of the register 
specified by Ri. 


Any three consecutive registers of the same set may be used by 
this instruction as specified by R1. These registers may be 6, 
7, 8: or 14, 15, 03 or 15, 0, 1, etc. 


The second operand location must be on a halfword boundary. 


The branch address is calculated before incrementing the starting 
index value contained in the register specified by R11. 


Ri may specify the same register as X2, FX2 or SX2. 
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Examples BXLE 


Transfer 10 bytes in memory Starting at the memory location 
labeled BUFO to the memory location labeled BUF1. 


Label Assembler Notation Comments 
LTS REG3,0 (REG3)=STARTING INDEX VALUE=0 
LIS REGU, 1 (REGY)=INCREMENT VALUE 
LIS R5,9 (REG5)=FINAL VALUE=9 
AGAIN LB REGO,BUFO(R3) (REGO)=1 BYTE FROM BUFO 
STB REGO,BUFI1(R1) COPY 1 BYTE TO BUF1 
LABEL PXLE R3, AGAIN IF (REG3)>CREG5),DONE 
BUFO cS 10 
BUF 1 DS 10 


Result of BXLE Instruction 


Code between the instructions labeled AGAIN and LABEL is executed 
ten times. 


Condition Code Unchanged by BXLE Instruction 


(REG3) = OOOOOOOA 
(REG4) = 00000001 
(REGS) = 00000009 


29-693 ROO 1/79 4-9 


4.4.5 Branch on Index High (BXH) 


Assembler Notation Op-Code Format 
BXH R1,D2(X2) CO RX1,RX2 
BXH R1,A2(FX2,SX2Z) Co RX3 

Set Up 


31 


0 
Starting index value 


R11. 
R1+1 Increment value 
R1+2 Limit or final value 


Before execution of this instruction, the register specified by 
R1 must contain a starting index value. The register specified 
by R1+1 must contain an increment value. The register specified 
by R1+2 must contain a comparand (limit or final value). All 
values may be signed. 


Cperation 

Execution of this instruction causes the increment value to be 
added to the index value, creating a new index value. The result 
is logically compared to the limit or final value. If the new 
index value is greater than the limit value, a branch is taken to 
the second operand location. If the new index value is less than 
or equal to the limit value, the next sequential instruction is 
executed. 


Condition Code 


Unchanged 


Programming Notes 


The incremented index value replaces the contents of the register 
specified by Ri. 


Any three consecutive registers of the same set may be used by 
this instruction as specified by R1. These registers may b= 6, 
7, 83: 14, 15, 03 or 15, 0, 1, etc. 


The second operand location must be on a halfword boundary. 


The branch address is calculated before incrementing the starting 
index value contained in the register Specified by R1. 


R1 may specify the same register as X2, FX2 or SX2- 
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Example: BXH 


The following example shows how to set up a counter (1-9) using 
the BXH inStruction: 


Label Assembler Notation Comment 

LIS REG 1,1 (REG1)=0000 0001 (CINDEX) 

LIS REG2,1 (REG2)=0000 0001 (INCREMENT) 

LIS REG3,9 (REG3)=0000 0009 (COMPARAND) 
BEGIN BXH REG 1,LABEL COMPARE INDEX WITH COMPARAND 

LH R6,COUNT 

B BEGIN BRANCH TO BXH INSTRUCTION 
LABEL LA R8,RTN EXIT FROM BXH 

ST R8, MEM 


Result of BXH Instruction 


Code between the instructions labeled BEGIN and LABEL is executed 
9 times. 


Condition Code Unchanged by BXH instruction 


(REG1) = 0000 OOOA 
(REG2) = 0000 0001 
C(REG3) = C000 0009 
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425 EXTENDED BRANCH MNEMONICS 


The CAL assembler supports 47 extended branch mnemonics’ that 
generate the branch op-code (true or false conditional) and the 
condition code mask required. The programmer must supply the 
second operand address (symbolic or absolute). In the case of 
Short Format (SF) branch instructions, the second operand branch 
address must be within 15 halfwords of the current location 
counter. The CAL assembler determines the backward or forward 
relationship of the second operand address and generates the 
appropriate operaticn code. 


The instructions described in this section are: 


BC Branch on Carry 

BCR Branch on Carry Register 
BCS Branch on Carry Short 

BNC Branch on No Carry 

BNCR Branch on No Carry Register 


BNCS Branch on No Carry Short 


BE Branch on Equal 

BER Branch on Equal Register 
BES Branch on Equal Short 
BNE Branch on Not Equal 


BNER Branch on Not Equal Register 
BNES Branch on Not Equal Short 


BL Branch on Low 

BLR Branch on Low Register 
BLS Branch on Low Short 
BNL Branch on Not Low 


BNLR Branch on Not Low Register 
BNLS Branch on Not Low Short 


BM Branch on Minus 

BMR Rranch on Minus Register 

BMS Branch on Minus Short 

BNM Branch on Not Minus 

BNMR Branch on Not Minus Register 


BNMS Branch on Not Minus Short 


BP Branch on Plus 

BPR Branch on Plus Register 
BPS Branch on Plus Short 
BNP Branch on Not Plus 


BNPR Branch on Not Plus Register 
BNPS Branch on Not Plus Short 
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Branch 
Branch 
Branch 


Branch 
Branch 
Branch 


Branch 
Branch 
Branch 


Branch 
Branch 
Branch 


Branch 
Branch 
Branch 


on Overflow 
on Overflow Register 
on Overflow Short 


on No Overflow 
on No Overflow Register 
on No Overflow Short 


on Zero 
on Zero Register 
on Zero Short 


on Not Zero 
on Not Zero Register 
on Not Zero Short 


(Unconditional) 
Register (Unconditional) 
Short (Unconditional) 


No Operation 
No Operation Register 
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4.521 Branch on Carry 


Branch on Carry (BC) 
Branch on Carry Register (BCR) 
Branch on Carry Short (BCS) 


Assembler Notation Op-Code+M1 Format 
BC D2(X2) 428 RX1,RX2 
BC A2(FX2,SX2) 428 RX3 

BCR R2 028 RR 

BCS A 208 (Backward) SF 


218( Forward) 


Operation 

Tf the Carry (C) flag in the condition code is set, a branch is 
taken to the second operand location. If the C flag is zero, the 
next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located on a halfword boundary. 
In the RR format, the branch address is contained in the register 


specified by R2. 


Example: BCS 


Assembler Notation Machine Code Comments 
SHIFT SLLS R9,1 1191 Register 9 is shifted 
BCS SHIFT 2081 left until the first 


zero bit is shifted 
out of position 90. 
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4.2522 Branch on No Carry 


Branch on No Carry (BNC) 
Branch on No Carry Register (BNCR) 
Branch on No Carry Short (BNCS) 


Assembler Notation Op-Codet+M1 Format 
BNC D2(X2) 438 RX1,RX2 
BNC A2(FX2,SX2) 438 RX3 
BNCR R2 038 RR 

BNCS A 228 (Backward) SF 


238 (Forward) 


Operation 

If the Carry (C) flag in the condition code is zero, a branch is 
taken to the second operand location. If the C flag is set, the 
next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located on a halfword boundary. 


In the RR format, the branch address is contained in the register 
specified by R2. 
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4.5.23 Branch on Equal 


Branch on Equal (BE) 
Branch on Equal Register (BER) 
Branch on Equal Short (BES) 


Assembler Notation Op-Code+M1 

BE D2(X2) 433 

BE A2(C FX2,SX2) 433 

BER R2 033 

BES A 223 (Backward) 


233 (Forward) 


Operation 


If the G flag and the L flag are both 


Format 


RX1,RX2 
RX3 


zero in the condition code, 


a branch is taken to the second operand location. If either flag 
is set, the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 


The branch address must be located on a halfword boundary. 


In the RP format, the branch address is contained in the register 


specified by R2. 


Example: BE 


Assembler Notation Machine Code 
CLHI R4Y,X*23° C540 0023 
BE OPTIN 4330 OAOO 
Y= 16 


Comments 


If RY contains X‘'23', 
a branch is taken to 
location X‘*AOO'. 
Otherwise, the next 
sequential instruction 
is executed. 
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4.5.4 Branch on Not Equal 


Branch on Not Equal (BNE) 
Branch on Not Equal Register (BNER) 
Branch on Not Equal Short (BNES) 


Assembler Notation Op-Code+M1 Format 
BNE D2(X2) 423 RX1,RX2 
BNE A2(FX2,SX2) 423 RX3 
BNER R2 023 RR 
BNES A 203 (Backward) SF 


213 (Forward) 


Operation 

If the G flag or the L flag is set in the condition code, a 
branch is taken to the second operand location. If both flags 
are zero, the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located on a halfword boundary. 


In the RR format, the branch address is contained in the register 
specified by R2. 
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4.5-5 Branch on Low 


Branch on Low (BL) 
Branch on Low Register (BLR) 
Branch on Low Short (BLS) 


Assembler Notation Op-Code+M 1 Format 
BL D2(X2) 428 RX1,RX2 
BL A2CFX2,SX2) 428 RX3 

BLR R2 028 RR 

BLS A 208 (Backward) SF 


218 (Forward) 


Operation 
If the Carry (C) flag in the condition code is set, a branch is 


taken to the second operand address. If the C flag is zero, the 
next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located on a halfword boundary. 
In the RR format, the branch address is contained in the register 


specified by R2. 


Example: BL 


Assembler Notation Machine Code Comments 
CLHI R1,X°FF° C510 OOFF (R1) is compared to 
BL RESTART 4280 OAOO X°OOFF’. If (R1) is less 


than X*°OOFF*, a branch 
is taken to memory 
location X‘OAOO‘. 
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4.526 Branch on Not Low 


Branch on Not Low (ENL) 
Branch on Not Low Register (BNLR) 
Branch on Not Low Short (BNLS) 


Assembler Notation Op-Code+1 Format 
BNL D2(X2) 438 RX1, RX2 
BNL A2(FX2,SX2) 438 RX3 

BNLR R2 038 RR 

BNLS A 228 (Backward) SF 


238 (Forward) 


Operation 

If the Carry (C) flag in the condition code is zero, a branch is 
taken to the second operand address. If the C flag is set, the 
next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located ona halfword boundary. 


In the RR format, the branch address is contained in the register 
specified by R2. 
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4.5.7 Branch on Minus 


Branch on Minus (BM) 
Branch on Minus Register (BMR) 
Branch on Minus Short (BMS) 


Assembler Notation Op-Codet+1 Format 
BM D2(X2) 421 RX1,RX2 
BM A2(FX2,SX2) 421 RX3 

BMR R2 021 RR 

BMS A 201 (Backward) SF 


211 (Forward) 


Operation 
If the Less Than (L) flag in the condition code is set, a branch 


is taken to the second operand location. If the L flag is zero, 
the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located on a halfword boundary. 
In the RR format, the branch address is contained in the register 


specified by R2. 


Examples: BM 


Assembler Notation Machine Code Comments 

SIS R3,1 2631 Tf (R3) is less than 6 

BM CONTINUE 4210 19A0 after the subtraction, 
a branch is taxen to 
X*10A0°. 
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4.528 Branch on Not Minus 


Branch on Not Minus (BNM) ; 
Branch on Not Minus Register (BNMR) 
Branch on Not Minus Short (BNMS) 


Assembler Notation Op-Code+M 1 Format 
BNM D2(X2) 431 RX1,RX2 
BNM A2(FX2,SX2) 431 RX3 
BNMR R2 031 RR 

BNMS A 221 (Backward) SF 


231 (Forward) 


Operation 

If the Less Than (L) flag in the condition code is zero, a branch 
is taken to the second operand location. If the L flag is set, 
the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address rust be located ona halfword boundary. 


In the RR format, the branch address is contained in the register 
specified by R2. 
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4.5.9 Branch on Plus 


Branch on Plus (BP) 
Branch on Plus Register (BPR) 
Branch on Plus Short (BPS) 


Assembler Notation Op-Code+M 1 Format 
BP D2(X2) 422 RX1,/RX2 
BP A2(FX2,SX2) 422 RX3 

BPR R2 022 RR 

BPS A 202 (Backward) SF 


212 (Forward) 


Operation 

If the Greater Than (G) flag in the condition code is Set, a 
branch is taken to the second operand location. If the G flag is 
zero, the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located on a halfword boundary. 


In the RR format, the branch address is contained in the register 
specified by R2. 
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4.5.10 Branch on Net Plus 


Branch on Not Plus (BNP) 
Branch on Not Plus Kegister (BNPR) 
Branch on Not Plus Short (BNPS) 


Assembler Notation Op-Code+M1 Format 
BNP D2(X2) 432 RX1,RX2 
BNP A2(FX2,SX2) 432 RX3 
BNPR R2 032 RR 

BNPS A 222 (Backward) SF 


232 (Forward) 


Operation 

If the Greater Than (G) flag in the condition code is zero, a 
branch is taken to the second operand location. If the G flag is 
set, the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located on a halfword boundary. 


In the RR format, the branch address is contained in the register 
specified by R2. 
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4.5211 Branch on Overflow 


Branch on Overflow (BO) 
Branch on Overflow Register (BOR) 
Branch on Overflow Short (BOS) 


Assembler Notation Op-Code+M 1 Format 
BO D2(X2) u2u RX1,RX2 
BO A2(FX2,SX2) y2y RX3 

BOR R2 O24 RR 

BOS A 204 (Backward) SF 


214 (Forward) 


Operation 

If the Overflow (V) flag in the condition code is set, a branch 
is taken to the second operand location. If the V flag is zero, 
the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located ona halfword boundary. 


In the RR format, the branch address is contained in the register 
specified by R2. 
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4.5.12 Branch on No Overflow 


Branch on No Overflcw (BNO) 
Branch on No Overflew Register (BNOR) 
Branch on No Overflow Short (BNOS) 


Assembler Notation Op-CodetM 1 Format 
BNO D2(X2) 434 RX1,RX2 
BNO A2(FX2,SX2) 434 RX3 
BNOR R2 034 RR 

BNOS A 224 (Backward) SF 


234 (Forward) 


Operation 

If the Overflow (V) flag in the condition code is zero, a branch 
‘is taken to the second operand location. If the V flag is set, 
the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located on a halfword boundary. 


In the RR format, the branch address is contained in the register 
specified by R2. 
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4.5.13 Branch on Zero 


Branch on Zero (BZ) 
Branch on Zero Register (BZR) 
Branch on Zero Short (BZS) 


Assembler Notation Op-Codet+M®™ 1 Format 
BZ D2(X2) 433 RX1,RX2 
BZ A2(FX2,SX2) 433 RX3 

BZR R2 033 RR 

BZS A 223 (Backward) SF 


233 (Forward) 


Operation 

If the G and L flags are both zero in the condition code, a 
branch is taken to the second operand location. If the G or L 
flag is set, the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located on a halfword boundary. 


In the RR format, the branch address is contained in the register 
specified by R2. 
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4.5.14 #$%9Sranch on Not Zero 


Branch on Not Zero (BNZ) 
Branch on Not Zero Register (BNZR) 
Branch on Not Zero Short (BNZS) 


Assembler Notation Op-Code+M 1 Format 
BNZ D2(X2) 423 RX1,R8X2 
BNZ A2(FX2,SX2) 423 RX3 
BNZR R2 023 RR 

BNZS A 203 (Backward) SF 


213 (Forward) 


Operation 

If the G or L flag in the condition code is set, a branch is 
taken to the second operand address. If the G and L flags are 
both zero, the next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 
The branch address rust be located on a halfword boundary. 


In the Rr format, the branch address is contained in the register 
specified by R2. 
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4.5.15 Branch (Unconditional) 


Branch (Unconditional) (RB) 
Branch Register (Unconditional) (8R) 
Branch Shert (Unconditional) (BS) 


Assembler Notation Op-Code+M1 Format 
B D2(X2) 430 RX1,RX2 
B A2(FX2,SX2) 430 RX 3 

BR R2 030 RR 

BS A 220 (RBackward) SF 


230 (Forward) 


Operation 


A branch is unconditionally taken to the second operand address. 


Condition Code 


Unchanged 


Programming Notes 
The branch address must be located on a halfword boundary. 


In the RK format, the branch address is contained in the register 
specified by R2. 


This instruction is assembled as a Branch on False Condition 


instruction, with no condition specified (M1=0). Therefore, the 
branch test is always false and the branch is always taken. 


Examples: B 


Assembler Notation Machine Code Comments 

B OPTIN 4300 OAOOD An unconditional branch 
is taken to location 
X*OAOO’. 
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4.5216 No Operation 


No Operation (NOP) 
No Operation Register (NOPR) 


Assembler Notation Op-Code+M 1 Format 
NOP D2(X2) 420 RX1,RX2 
NOP A2(FX2,SX2) 420 RX3 
NOPR R2 020 RR 
Operation 


The next sequential instruction is executed. 


Condition Code 


Unchanged 


Programming Notes 


D2(X2) or A2(FX2,SX2) and R2 are ignored and usually equal zero 
(0). 


This instruction is assembled as a branch on true condition 


instruction with no condition specified (41=0). Therefore, no 
branch is taken and the next instruction is fetched and executed. 


Example: NOP,NOPR 


Assembler Notation Machine Code Comments 

NOP 0(0,0) 4200 4000 0000 No Operation 
NOP 0 4200 0000 No operation 
NOPR 0200 No operation 
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CHAPTER 5 
FIXED POINT ARITHMETIC 


5.1 INTRODUCTION 


Fixed point arithmetic instructions provide a complete set of 
operations for calculating addresses and indices, for counting, 
and fcr general purpose fixed point arithmetic. 


5-2 DATA FORMATS 


There are three formats for fixed point data: the halfword, the 
fullword, and the double word. In each of these formats, the 
most significant bit (bit 0) is the sign bite The remaining 15, 
31 or 63 bits represent the magnitude. See Figure 5-1. 


01 HALFWORD 15 
0.1 FULLWORD 31 
0.1 DOUBLE WORD 63 


santo spaces aeecmesicsd 


Figure 5-1 Fixed Point Data Words Formats 


Positive values are represented in true binary form with a sign 


bit of zero. Negative values are represented in two's complement 
form with a sign bit of one. To change the sign of a number, the 
two's complement of the number may be produced by subtracting the 
number from zerc. Another way would be to: 

16 Change all zeros to ones, and all ones tO zeros. 


Ze Add one. 
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5.3 FIXED POINT NUMBER RANGE 


Fixed point nusbers represent integers. Table 5-1 shows 
relations between different formats, along with decimal values. 


TABLE 5-1 FIXED POINT FORMAT RELATIONS 


HALFWORD 


DOUBLE WORD FULLWORD 
g000000000000000 
(MOST NEGATIVE) 
Pe ete ee 
FFFFRFEFFFFEFFFFF 


0000000000000000 
0000000000000001 


DECIMAL 
- 9 223 372 036 854 775 808 


-2 147 483 648 


80000000 
(MOST NEGATIVE} 


8000 (MOST NEGATIVE) 
FFFF (LEAST NEGATIVE) 


FFFFFFFF 
00000000 
00000001 


6000 
0001 (LEAST POSITIVE) 
7FFF (MOST POSITIVE) 


7FFFFFFF 
(MOST POSITIVE) 


2 147 483 647 


7FFFPFFPEPPEFFFE 
(MOST POSITIVE) 


9 223 372 036 854 775 807 


5-4 OPERATIONS 


Fixed point instructions include both fullword and halfword 
operations. Fullword operations take place (a) between the 
contents cf two general registers; (b) between the contents of a 
general register and a fullword stored in memory; or (c) between 
the contents of a general register and a fullword obtained from 
the instruction stream. Fullword multiply produces a double word 
result which is contained in two adjacent registers. Fullword 
divide operates on double word data contained in two adjacent 
registers. 


Halfword operations take place between a fulliword co 
one of the general registers and a halfword contained 
Before the operation is started, the halfword in memory is 
expanded to a fullword by propagating the most significant bit 
(sign bit) into tthe high order bits of the fullword. The 
halfword multiply and divide instructions are exceptions to this 
rule. 


‘ea 
! 
ho 
ow, 
Ls 
| 
J 
tas 
ab 
~ 
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5-5 CONDITION CODE 


As a general rule, all fixed point arithmetic instructions, 
except multiply and divide, affect the condition code, to 
indicate the effect of the operation on the 32-bit result. 


In fixed point add and subtract operations, th2 arguments are 
represented in two's complement form; therefore, all bits, 
including sign, participate in forming the result. Conseguently, 
the occurrence cf a carry or borrow has no real arithmetic 
significance. 


For example, an add operation between a minus one (FFFF FFFF) and 
a plus two (000C 0002) produces the correct result of plus one 
(0000 0001) and a carry. The condition code is set to 1010 (C = 
1 and G = 1). Carry means that the complete result, _which in 
this case would have been 1 0000 0001, would not fit in 32 bits. 


An overflow occurs when the result does not fit in 31 bits. Note 
that bit zero must be reserved for the sign of the result. For 
example, adding one to the largest positive fixed point value 
produces an overflow: 


TFFF FEFF 
+0000 0001 
=8000 0000 


The resulting condition code is 0101 (V=1 and L=1). 


The result, 8000 0000, is logically correct, but because the sign 
bit is negative when the result should be positive, the overflow 
condition exists. 


The columns of the condition code table given for each 
instruction description show the state of the C, V, G and L flags 
for the possible results. 


An *X* in a condition code column means that the particular flag 
is not defined, and may be either O or 1. Hence, no inference 
should be drawn by testing that particular flag. 

5.6 FIXED POINT INSTRUCTION FORMATS 

The fixed point instructions use the Register to Register (RR), 


the Short Form (SF), the Register and Indexed Storage (RX), and 
the Register and Immediate (RI) instruction formats. 
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5-7 FIXED POINT INSTRUCTIONS 


The fixed point instructions described in this section are: 


A Add 

AR Add Register 

AI Add Immediate 

AIS Add Immediate Short 

AH Add Halfword 

AHT Add Halfword Immediate 

AM Add to Memory 

AHM Add Halfword to Memory 

S Subtract 

SR Subtract Register 

SI Subtract Immediate 

SIs Subtract Immediate Short 
SH Subtract Halfword 

SHI Subtract Halfword Immediate 
C Compare 

CR Compare Register 

CI Compare Immediate 

CH Compare Halfword 

CHI Compare Halfword Immediate 
M Multiply 

MR Multiply Register 

MH Multiply Halfword 

MHR Multiply Halfword Register 
D Divide 

DR Divide Register 

DH Divide Halfword 

DHR Divide Halfword Register 
SLA Shift Left Arithmetic 

SLHA Shift Left Halfword Arithmetic 
SRA Shift Right Arithmetic 


SRHA Shift Right Halfword Arithmetic 
CHVR Convert to Halfword Value Register 


ur 
{ 
{= 
ae) 
WD 
| 
aN 
xe) 
WW 
o> 
(a) 


5-7-1 Add 


Add (A) 

Add Register (AR) 

Add Immediate (AI) 

Add Immediate Short (AIS) 


Assembler Notation Op-Code Format 
A R1,D2(X2) SA RX1,RX2 
A R1,A2(FX2,SX2) 5A RX3 

AR R1,R2 OA RR 

AI R1,12(X2) FA RI2 

AIS R1,N 26 SF 
Operation 


The second operand is added algebraically to the contents of the 
register specified by Ri. The result of this 32-bit addition 
replaces the contents of the register specified by R1. 


Condition Code 


Result is zero 

Result is less than zero 
Result is greater than zero 
Arithmetic overflow 

Carry 


Programming Notes 


The second operand for the AIS instruction is obtained by 
expanding the 4-bit data field, N, to a 32-bit fullword by 
forcing the high order bits to zero. 


In the RI2 format, the contents of the index register specified 
by XZ are added to the 32-bit I2 field to form the fullword 
second operand. 


In the RX formats the seconi operand must be located on a 
fullword boundary. 
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Example: A 
Add contents of memory location labeled LAB to the contents of 
REGY. 


1s. REGY contains X*7F341234° 
Fullword in memory at LAB contains X*7F124321° 
Assembler Notation Comments 


A REG4,LAB ADD (LAB) TO (REG4) 


Result of A Instruction 
(REGU) = X*FE465555° 
(LAB) unchanged by this instruction 
Condition Code = 0101 (V=1, L=1) 
Ze REG5 contains X°*8000 0001° 
Fullword in memory at LAB contains X*80069002° 


Assembler Notation Comments 


A REG5,LAB ADD (LAB) TO (REG5) 


Result of A Instruction 
(REGS) = X'00000003' 


(LAB) unchanged by this instruction 
Condition Code = 1110 (C=1, V=1, G=1) 
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5.7-2 Add Halfword 


Add Halfword (AH) 
Add Halfword Immediate (AHI) 


Assembler Notation Op-Code Format 
AH R1,D2(X2) GA RX1,R8X2 
AH R1,A2(FX2,SX2) WA RX3 
AHI R1,12(X2) CA RI 1 


Operation 


The 16~bit second operand is expanded to a 32-bit fullword by 
propagating the most significant bit through bits 0:15 of the 
fullword. The fullword operand is added to the fullword contents 
of the register specified by R1. The result replaces’ the 
contents of the register specified by Rt. 


Condition Code 


Result is zero 

Result is less than zero 
Result is greater than zero 
Arithmetic overflow 

Carry 


Programming Notes 


In the RX formats, the second operand must be located on a 
halfword boundary. 


In the RI1 format, the 16-bit I2 field is extended to a fullword 
by propagating the sign bit through bits 0:15. The contents of 
the index register specified by X2 are then added to form the 
fullword second operand. 
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Example: AH 


This example adds the halfword at memory location labeled LAB to 
the contents of register 4. 


1. 


REG4Y contains X*00230002'° 


Halfword at memory location LAB contains X‘*FFFF‘ 


Assembler Ncectation Comments 


AH REG4, LAB ADD (LAB) TO 


Result of AH Instruction 


CREG4) = X*'C0230001° 
(LAB) unchanged by this instruction 
Condition Cede = 1010 (C=1, G=1) 


REGS contains X‘*FFFF FFFS5'° 
LAB contains X‘FFF2°* 


Assembler Nectation Comments 


AH REGS, LAB ADD (LAB) TO 


Result of AH Instruction 


(REGS) = *FFFF FFET7' 
(LAB) unchanged by this instruction 
Condition Cede = 1001 (C=1, L=1) 


(REGS) 


(REG5) 
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5-7-3 Add to Memory (AM) 


Assembler Notation Op-Code Format 
AM R1,D2(X2) 51 RX1,RX2 
AM R1,A2(CFX2,SX2) 51 RX 3 
Operation 


The first operand contained in the register specified by R1 is 
added algebraically to the fullword second operand. The result 
replaces the fullword second operand in memory. The contents) of 
the register specified by R1 are not changed. 


Condition Code 


Result is zero 

Result is less than zero 
Result is greater than zero 
Arithmetic overflow 

Carry 


Programming Note 


The second operand must be located on a fullword boundary. 


Examples AM 
1. Add contents of register 8 to memory location labeled LOC: 


REG8 contains X'00000008° 
Fullword in memory at LOC contains X'034289AB° 


Assembler Notation Comments 


AM REG8,LOC ADD (REG8) TO (LOC) 
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Result of AM Instruction 
(REG8) unchanged by this instruction 
(LOC) = X*°0342898B3' 
Condition Code = 0010 (G=1) 
2 Add contents of register 7 to memory location labeled LOC: 
REG7 contains X*7F 341234" 
Fullword in memory at LCC contains X*7F124321'° 


Assembler Nctation Comments 


AM REG7, LCC ADD (REG7) TO (LOC) 


Result of AM Instruction 
(REG7) unchanged by this instruction 


(LOC) = X*FE465555' 
Condition Cede = 0101 (V=1, L=1) 
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5.724 Add Halfword to Memory (AH™) 


Assembler Notation Op-Code Format 
AHM R1,D2(X2) 61 RX1,RX2 
AHM R1,A2(FX2,SX2) 61 RX3 
Operation 


The halfword second operand is added algebraically to the least 
significant 15 bits (bits 16:31) of the register specified by R1. 
The 16-bit result replaces the contents of the memory location 
specified by the effective address of the seconi operandi. The 
contents of the register specified by R1 are not changed. 


Condition Code 


Result is zero 

Result is less than zero 
Result is greater than zero 
Arithmetic overflow 

Carry 


Programming Notes 
The second operand must be located on a halfword boundary. 


The condition ccde settings are based on the halfword result. 


Examples AHM 


This example adds the contents of register 5 to the contents of 
memory location LAB. 


1. REGS contains X*00230002' 
Halfword in memory at LAB contains X'FFFF' 


Assembler Notation Comments 


AHM REG5,LAB ADD (REGS) TO (LAB) 
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Result of AH” Instruction 


(REGS) unchanged by this instruction 
(LAB) = 0001 
Condition Ccde = 1010 (C=1, G=1) 


oe REG6 contains X‘°FFFF FFFS5* 
LAB contains X‘FFF2° 


Assembler Nctation Comments 
AHM REG6,LAB ADD (REG6) TO (LAB) 


Result of AHM Instruction 
(REG6) unchanged by this instruction 


(LAB) = FFE? 
Condition Cede = 1001 (C=1, L=1) 
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5.-7.2.5 Subtract 


Subtract (S) 

Subtract Register (SR) 
Subtract Immediate (SI) 
Subtract Immediate Short (SIS) 


Assembler Notation Op-Code Format 
S R1,D2(X2) 5B RX1,RX2 
S R1,A2(FX2,SX2) 5B RX3 

SR R1,R2 0B RR 

SI R1,12¢(X2) FB RI2 

SIS R1,N 27 SF 


Operation 


The fullword second operand is subtracted algebraically from the 
contents of the register specified by R1. The result replaces 
the contents of the register specified by R&1. 


Condition Code 


Result is zero 

Result is less than zero 
Result is greater than zero 
Arithmetic overflow 

Borrow 


Programming Notes 


The second operand for the SIS instruction is obtained by 
expanding the 4-bit data field, N, to a 32-bit fullword by 
forcing the high order bits to zero. 


In the RI2 format, the contents of the index register specified 
by X2 are added to the 32-bit I2 field to form the fullwurd 
second operand. 


In the RX formats, the second operand must be located on a 
fullword boundary. 
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Examples: 
This example suktracts the fullword at memory location LOC from 


the contents of register 9. 


le REGIS contains X'44U44yyy® 
LCC contains X*444uuuyy’ 
Assembler Nctation Comments 


5 REG9, LCC SUBTRACT (LOC) FROM (REG9) 


Result of S Instruction 
(REG9) = 0 


(LOC) unchanged by this instruction 
Condition Ccde = 0000 


2. REGO contains X*23456789° 
LOC contains X‘FFFF4&321° 
Assembler Nctation Comments 


S REGI, LOC SUBTRACT (LOC) FROM (REG9) 


Result of S Instruction 
(REG9) = 23462368 


(LOC) unchanged by this instruction 
Condition Code = 1910 (C=1, G=1) 
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5.7.6 Subtract Halfword 


Subtract Halfword (SH) 
Subtract Halfword Immediate (SHI) 


Assembler Notation Op-Code Format 
SH R1,D2(X2) 4B RX1,RX2 
SH R1,A2(FX2,SX2) 4B RX3 

SHI R1,12(X2) CB RI 1 


Operation 


The 16-bit second operand is expanded to a 32-bit fullword by 
propagating the most significant bit through bits 0:15. This 
fullword is subtracted from the contents of the register 
specified by Ri. The result replaces the contents) of the 
register specified by R1. 


Condition Code 


Result is zero 

Result is less than zero 
Result is greater than zero 
Arithmetic overflow 

Borrow 


0 
1 
0 
X 
X 


Programming Notes 


In the RX formats, the second operand must be located on a 
halfword boundary. 


In the RI1 format, the 16-bit I2 field is extended to a fullword 
by propagating the sign bit through bits 0:15. The contents of 
the index register specified by X2 are then added to form the 
fullword second operand. 
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Example: SH 


This example suttracts the halfword at memory location LIC from 
the contents of register 9. 


1. 


REGO contains X°00123456' 
LOC contains X‘*FFFU* 


Assembler Nctation Comments 


Resu 


SH REGI, LOC SUBTRACT (LOC) FROM 


lt of SH Instruction 


(REG9) = 00123462 
(LOC) unchanged by this instruction 
Condition Ccde = 1010 


REGS contains X°FFFF4567° 
LCC contains X°2345° 


Assembler Notation Comments 


Resu 


SH REG9,LCC SUBTRACT (LOC) FROM 


lt of SH Instruction 


(REGS) = FFEF2222 
(LOC) unchanged by this instruction 
Condition Code = 0001 


(REG) 


(REG) 
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5-7-7 Compare 


Compare (C) 
Compare Register (CR) 
Compare Immediate (CI) 


Assembler Notation Op-Code Format 
Cc R1,D2(X2) 59 RX1,RX2 
Cc R1,A2(FX2,SX2) 59 RX3 

CR R1,R2 09 RR 

CI R1,12(X2) F9 RI2 
Operation 


The first operand contained in the register specified by R11 is 
compared algebraically to the 32-bit second operand. The result 
is indicated by the condition code setting. Neither operand is 
changed. 


Condition Code 


First operand is equal to second operand 
First operand is less than second operand 
First operand is greater than second operand 


Programming Notes 


In the RX formats, the second operand must be locatei on oa 
fullword boundary. 


The state of the V flag is undefined. 
Examples: C 


This example corpares the contents of register 3 to the contents 
of the fullword in memory location LAB. 


REG3 contains X°44567894° 
Fullword at LAB contains X‘'904321243' 


Assembler Notation Comments 
c REG3,LAB COMPARE (REG3) TO (CLAB) 


Result of C Instruction 
(REG3) unchanged by this instruction 


(LAB) unchanged by this instruction 
Condition Cede = 0010 (G=1) 
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5.7.8 Compare Halfword 


Compare Halfword (CH) 
Compare Halfword Immediate (CHI) 


Assembler Notation Op-Code Format 
CH R1,D2(X2) 49 RX1,RX2 
CH R1,A2(FX2,SX2) 49 RX3 

CHI R1,12(X2) C9 RI1 


Operation 


The halfword second operand is expanded to a fulliword by 
propagating the most significant bit through bits 0:15. The 
first operand, the contents of the register specified py Bi, is 
compared algebraically to the effective second operand. The 
result is indicated by the condition code setting. Neither 
operand is changed. 


Condition Code 


First operand is equal to sezond operand 
First operand is less than second operand 
First operand is greater than second operand 


Programming Notes 


In the RX formats, the second operand must be located on ~«a 
halfword boundary. 


In the RI1 format, the 16-bit I2 field is extended to a fullword 
hw nrananatina tha cian hi ¢ thranah hitac O-146. Thr enntanta nt 
wT raAvwypuyu \& mis rg weaiw rn? a Ab Js eS eatin a  E) af hw WI We $7 @ 4 41W Ne Wid YU 84 GD 8D wd 4. 
the index register specified by X2 are then added to form the 


fullword second operand. 


Condition code settings are based on the fullword comparison. 
The state of the VY flag is undefined. 
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Example: CH 


This example compares the contents of Register 8 to the 
at LAB. 


REG8 contains X‘F4&567891° 
Halfword at LAB contains X‘°3123° 


Assembler Notation Comments 
CH REG8,LAB COMPARE (REG8) TO (LAB) 


Result of CH Instruction 
(REG8) unchanged by this instruction 


(LAB) unchanged by this instruction 
Condition Code = 1001 (C=1, V=1) 
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5.7.9 Multiply 


Multiply (MM) 
Multiply Register (MR) 


Assembler Notation Op-Code Format 
M R1,D2(X2) SC RX1,RX2 
M R1,A2(FX2,SX2) 5C RX3 

MR Ri,k2 1C RR 


Operation 


The fullword first operandi contained in the register specified by 
Ri+1 is multiplied by the fullword second operand. The 64-bit 
result is stored in the registers specified by R1 and R1 + 1. 
The sign of the result is determined by the rules of algebra. 


Condition Code 


Unchanged 


Programming Notes 


The R1 field of these instructions must specify an even numbered 
register. If the R1 field of these instructions is odd, the 
result is undefined. 


In the RX formats the second operand must be located on 32 
fullword boundary. 


The mest significant bits of the result are placed in the 
register specified by R13; the least significant bits are placed 
in the register by R1+1. 


Example: M 

This example multiplies the contents of register 9 by the 
contents of memory location LOC and places the result iin 
registers 8 and 9 (64 hits). 

REG8 contains unknown data 


REGO contains X ‘00002431’ 
Fullword at location LOC contains X‘'43120000° 
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Assembler Notation Comments 


M REG8,LOC MULTIPLY (REG9) BY (LOC) 


Result of M Instruction 

REG& and REGO together contain the result 

(REG8, REG9) = 0000 997B, 5SE72 0000 

(LOC) unchanged by this instruction 

Condition Code unchanged by this instruction 

Examples MR 

This example multiplies the contents of register 9 by the 
contents of register 8 and places the result in registers 8 and 
9 (64 bits). 

REG8 contains X‘*00010000° 

REG9 contains X‘'12345678° 


Assembler Notation Comments 


MR REG8,REG8 MULTIPLY (REG9) BY (REG8) 


Result of MR Instruction 
REGB and REGO together contain the result 


(REG8,REGI) = 0000 1234, 5678 0000 
Condition Code unchanged by this instruction. 


29-6393 ROO 1/79 O24 


5.7.10 Multiply Halfword 


Multiply Halfword (MH) 
Multiply Halfword Register (MHR) 


Assembler Notation Op-Code Format 
MH R1,D2(%2) QC RX1,RX2 
MH R1,A2(0FX2,SX2) 4C RX 3 

MHR R1,R2 Oc RR 


Operation 

The first operand, contained in bits 16:31 of the register 
specified by Rl, is multiplied by the 16-bit second operand, 
taken from memory or from bits 16:31 of the register specified by 
R2. Both operands are 16-bit signed two's complement values. 
The 32-bit result replaces the contents of th2 register specified 


by Rie The Sign of the result is determined by the rules of 
algebra. 


Condition Code 


Unchanged 


Programming Note 


In the RX formats, the second operand must be located on a 
halfword boundary. 


Example: MH 


This example multiplies the halfword contents of regiSter 8 by 
the halfword in memory location LAB. 


REG8 contains X‘ABCD 0045! 
Halfword at memcry location LAB contains X'8674° 
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Assembler Notation Comments 


MH REG8,LAB MULTIPLY LEAST SISNIFICANT HALF 


OF (REG8) BY (LAB) 


Result of MH Instruction 
(REG8) = FFDF3D44 


(LAB) unchanged by this instruction 
Condition Code unchanged by this instruction 


Examples MHR 


This example multiplies the halfword contents of register 11 
the halfword contents Of register 4. 


REG11 contains X*37210004° 
REGU contains X‘*FFFFO307° 


Assembler Notation Comments 


MHR REG11,8FG4 MULTIPLY LS HALF OF (REG11) 
BY LS HALF OF (CRES4) 


Result of MHR Instruction 
(REG11) = OO0000CIC 


(REGY) unchanged by this instruction 
Condition Code unchanged by this instruction 
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5.7.11 Divide 


Divide (D) 
Divide Register (DR) 


Assembler Notation Op-Code Format 
D R1,D2(X2) 5D RX1,RX2 
D R1,A2(FX2,SX2) 5D RX 3 

DR R1,R2 1D RR 
Operation 


The 64-bit signed dividend contained in the two registers 
specified by R1 and &R1+1 is divided by the signei fullwori second 
operand. The 32-bit signed remainder replaces the contents of 
the register specified by R11. The signed 32-bit quotient 
replaces the contents of the register specified by R1+1. 


The sign of the quotient is determined by the rules of algebra. 
the sign of the remainder is the same as the Sign of the 
d ivid end. 


Condition Code 


Unchanged 


Programming Notes 


The R1 field of these instructions must specify an even numbered 
register. If the R1 field of these instructions is odd, the 
result is undefined. 


i t bits of the dividend must be contained in 
pecified by Rt. The least significant bits of the 
vidend must be contained in the register specified by &1+1. 


In the RX formats, the second operand must be located on a 
fullword boundary. 


If the divisor is equal to zero, the instruction is not executed, 
the operand registers remain unchanged, and the arithmetic fault 
interrupt is taken. 


If the value of the quotient is more positive than X‘°7FFFFFFF® or 
more negative than X°80000000°, quotient overflow is said to 
occur. If quotient overflow occurs, the operand registers remain 
unchanged, and the arithmetic fault interrupt is taken. 
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_. Example: D 


This example divides the contents of registers 8 and 3 by the 
fullword contents of memory location LOC. 


1. REG8 contains X‘*12345678° 
REGQ9 contains X‘'98765432° 


Most significant half of jiividend 
Least significant half 
of dividend 


LOC contains X°34343434° = Divisor 

Assembler Notation Comments 

D REG8,LOC DIVIDE (REG8,9) BY (LOC) 
Result of D Instruction 

(REG8) = 1E1E1E1E = Remainder 

CREGI) = 59455459 = Quotient 


(LOC) unchanged by this instruction 
Condition Cede unchanged by this instruction 


2- REG8 contains X*FFFF1234° 
REGI contains X*°00000000°* 


Most significant half of dividend 
Least significant half 
of dividend 


wou 


LOC contains X°12345678° = Divisor 
Assembler Notation Comments 
D REGS, LOC DIVIDE (REG 8,9) BY (LOC) 


Result of D Instruction 


(REG8) = F250D9E0 = Remainder 

(REGI) = FFF2EFFC = Quotient 

LCC unchanged by this instruction 

Condition Code unchanged by this instruction 


3. REG8 contains X'43657898° 
REGS contains XK*12123456' 


Most significant half of iiviiend 
Least significant half 
of dividend 


LOC contains XK*°00000000° = Divisor 
Assembler Notation Comments 
D REG8,LOC DIVIDE (REG8,9) BY (CLOC) 
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Result of D Instruction 


Division by zero causes arithmetic fault to be taken. Operands 


and condition code remain unchanged by this instruction. 


4. REG8B contains X*80000000° 
REGS contains X*°00000001" 


Least significant half 
of dividend 


Most significant half of dividend 


LOC contains X'00000001° = Divisor 
Assembler Notation Comments 
D REG8,LOC DIVIDE (REG8,9) BY (LOC) 
Result of D Instruction 
Quotient overflow causes arithmetic fault to be taken. Operands 


and condition code remain unchanged by this instruction. 


Examples: DR 


This example divides the contents of registers 8 and 9 by 
contents of register 2. 


REGS contains X‘FFFFFFFF® 
REGO contains X‘FFFFFFFD* 


REG2 contains X‘FFFFFFFE® Divisor 
Assembler Notation Comments 
DR REG8, REG2 DIVIDE (REG8,9) BY (REG2) 


Result of DR instruction 


(REG8) = FFFFFFFF Remainder 
(REGO) = 00000001 Quotient 

(REG2) unchanged by this instruction 
Condition Code unchanged by this instruction 


wou 
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Most significant half of dividend 
Least significant half of dividend 


the 


1/79 


5-72-12 Divide Halfword 


Divide Halfword (DH) 
Divide Halfword Register (DHR) 


Assembler Notation Op-Code Format 
DH R1,D2(X2) 4D RX1,RX2 
DH R1,A2(FX2,SX2) 4D RX3 

DHR R1,R2 oD RR 


Operation 


The 32-bit signed divideni contained in the register specified by 
R1 is divided by the 16-bit signed second operand. The 16-bit 
signed remainder is copied to R1 (bits 16:31) and the halfword 
value is converted to a fullword value. The 16-bit signed 
quotient is ccpied to the register specified by R1 + 1 after 
conversion to a fullword value. 


The sign of the quotient is determined by the rules of algebra. 
The sign of the remainder is the same as the Sign of the 
dividend. 


Condition Code 


Unchanged 


Programming Notes 


In the RX formats, the second operand must . be locateil on a 
halfword boundary. In the RR format, the second operand is taken 
from bits 16:31 of the register specified by R2. 


If the divisor is equal to zero, the instruction is not executed, 
the operand registers remain unchanged, and the arithmetic fault 
interrupt is taken. 


Tf the value of the quotient is more positive than X*7FFF* or 
more negative than X‘'8000', quotient overflow is said t9 occur. 
If quotient overflow occurs, the operand registers remain 
unchanged, and the arithmetic fault interrupt is taken. 
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Example: DH 


This example divides the contents of register 7 by the halfword 
contents of memory location LOC. 


le REG7 contains X°0000 OCE4U' = Dividend 
LOC contains X*0008° = Divisor 
Assenbler Notation Comments 
DH REG7,LOC DIVIDE (REG7) BY (LOC) 


Result of DH Instruction 


(REG7) = 0000 0004 = Remainder 

(REG8) = 0000 OOOA = Quotient 

(LOC) unchanged by this instruction 
Condition Code unchanged by this instruction 


2e PFG7 contains X°1234 5678° = Dividend 
LCC contains X‘°9000° = Divisor 
Assembler Notation Comments 
DH REG7,LOC DIVIDE (RES7) BY (LOC) 
Result of DH Instruction 
Division by zero causes arithmetic fault to be taken. Operands 


and condition code remain unchanged by this instruction. 


Ms REG7 contains X*8000 9002° = Dividend 
LCC contains X‘0O001' 
Assembler Notation Comments 
DH REG7,LOC DIVIDE (REG7) BY (LOC) 


Result of DH Instruction 


Quotient overflow causes arithmetic fault to be taken. Jperanis 
and cendition code remain unchanged by this instruction. 


1Sa) 
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5-72-13 Shift Left Arithmetic (SLA) 


Assembler Notation Op-Code Format 


SLA R1,12(X2) EE R11 


Operation 


Bits 1:31 of the first operand, contained in the register 
specified by R1, are shifted left the number of places specified 
by the second operand. The sign bit (bit 0), remains unchanged. 
Bits shifted out of position 1 are shifted through the carry flag 
and then lost. The last bit shifted remains in the carry flag. 
Zeros are shifted into position 31. 


Condition Code 


Result is zero 
Result is less than zero 
Result is greater than zero 


Programming Notes 


The state of the C flag indicates the state of the last bit 
shifted. 


The shift count is specified by the least significant five bits 
of the second oferand. The maximum shift count is 31. 


A shift of zero places causes the condition code to be set in 
accordance with the value contained in the register specified by 
R11. The C flag is zero in this case. 


Example: SLA 


This example shifts the bits in register 5 left by the number 
specified by the second operand. 


REGS contains X‘*80005647° 


Assembler Notation Comments 
SLA REG5,4 SHIFT (REGS) LEFT 4& PLACES 


Result of SLA Instruction 


(REGS) = 80056470 
Condition Code = 0001 (L=1) 
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5.7214 Shift Left Halfword Arithmetic (SLHA) 


Assembler Notation Op-Code Format 
SLHA R1,I12(X2) CF RI1 
Operation 


Bits 17:31 of the register specified by R1 are shifted left the 
number of places specified by the second operand. Bit 16 of the 
register, the halfword sign bit, remains unchanged. Bits shifted 
out of position 17 are shifted through the carry flag and then 
lost. The last bit shifted remains in the carry flag. Zeros are 
shifted into position 31. Bits 0:15 of the first operand 
register remain unchanged. 


Condition Code 


Result is zero 
Result is less than zero 
PFesult is greater than zero 


Programming Notes 


The condition code settings are based on the halfwori (bits 
16:31) result. 


The state of the C flag indicates the state of the last bit 
shifted. 


The shift count is specified by the least significant four bits 
of the second operand. The maximum shift count is 15. 


A shift of zero places causes the condition code to be set in 


accordance with the halfword value contained in bits 16:31 of the 
register specified by R1. The C flag is zero in this case. 
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5272-15 Shift Right Arithmetic (SRA) 


Assembler Notation Op-Code Format 
SRA R1,12(X2) EE RI 1 
Operation 


Bits 1:31 of the first operand, contained in the register 
specified by R1, are shifted right the number of places specified 
by the second operande The sign bit (bit 0), remains unchanged 
and is propagated right as many positions as specified by the 
second operand. Bits shifted out of position 31 are shifted 
through the C flag and lost. The last bit shifted remains in the 
ic flag. 


Condition Code 


Result is zero 
Result is less than zero 
Result is greater than zero 


Programming Notes 


The state of the C flag indicates the state of the last bit 
shifted. | 


The shift count is specified by the least significant five bits 
of the second ogerand. The maximum shift count is 31. 


A shift of zero places causes the condition code to be set in 
accordance with the value contained in the register specified by 
R1. The C flag is zero in this case. 


Examples: SRA 


This example shifts the contents of register 9 right the number 
of places specified by the second operand. 


REGO contains X°800004256° 


Assembler Notation Comments 
SRA REGSI,8 SHIFT (REG9) RIGHT 8 PLACES 


Result of SRA Instruction 


(REGO) = X*FF80CO0O42'° 
Condition Code = 0001 (L=1) 
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52-7216 Shift Right Halffword Arithmetic (SRHA) 


Assembler Notation Op-Code Format 
SRHA R1,12 (X2) CE RI1 
Operation 


Bits 17:31 of the register specified by R1 are shifted right the 
number of places specified by the second operani. Bit 16 of the 
register, the halfword sign bit, remains unchanged and is 
propagated right the number of positions specified by the secrnd 
operand. Bits shifted out of position 31 are shifted through the 
C flag and lost. The last bit shifted remains in the C flag. 
Bits 0:15 of the first operand register remain unchanged. 


Condition Code 


Programming Notes 


a 
5 


Result is zero 
Result is less than zero 
Result is greater than zero 


od OS 
om O 


The condition code settings are based on the halfwori (bits 
16:31) result. 


The state of the C flag indicates the state of the last bit 
shifted. 


The shift count is specified by the least significant four bits 
of the second operand. The maximum shift count is 15. 


A shift of zero places causes the condition code to be set in 


accordance with the halfword value contained in bits 16:31 of the 


register specified by R1. The C flag is zero in this case. 
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5.7217 Convert to Halfword Value Register (CHVR) 


Assembler Notation Op-Code Format 
CHVR R1,R2 12 RR 
Operation 


The halfword second operand, bits 16:31 of the register specified 
by R2, is expanded to ae fullword by propagating the most 
significant bit (bit 16) through bits 0:15. This fullword 
replaces the contents of the register specified by R1. 


Condition Code 


Result is zero 

Result is less than zero 

Result is greater than zero 

Source operand cannot be represented by a 
16-bit signed number 

Carry flag was set in previous condition 
code : 

Carry flag was zero in previous condition 
code 


Programming Notes 


The V flag is set when bit 15 of the second operand is not the 
Same as bit 16 of the second operand. The G and L flags reflect 
the algebraic value of bits 16:31 of the second operand. 


Execution of this instruction following halfword operations 
guarantees the same resnlts as those obtained if the program were 
run on a 16-bit machine. For example, if location A in memory 
contains the halfword value of X'7FFF* (decimal 32767) then, 


LH R1,A R1 contains X*QOOO7FFF'* 
AIS R1,1 R1 contains X‘*00008000° 
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Following the add operation, the condition code is: 
ofo}1] 0 | 


indicating a result greater than zero, which iS correct for 
fullword operations. If the same sequence were executed ona 
16-bit processor, as: 


LH R1,A R1 contains X‘7FFF* 
AIS R1,1 R1 contains X*8000° 


Following this, the condition code in the halfword processor is: 


POT 1 fo} 1 
indicating overflow and a negative result. Going back to the 


Original sequence and adding the Convert to Halfword Value 
Register instruction produces the following: 


LH R1,A R1 contains X*OOOO7FFF' 
AIS R1,1 R1 contains X°00008)990' 
CHVR R1,R1 R1 contains X*FFFF8000° 


Following this sequence, the condition code is: 


Boe ee As 


which is identical to that of the 16-bit processor, and can be 
tested in the same manner. 
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CHAPTER 6 
FLOATING-POINT ARITHMETIC 


6.1 INTRODUCTICN 


Floating-point arithmetic instructions provide a means for rapid 
handling of scientific data expressed as floating-point numbers. 
Single-precision and double-precision floating-point 
instructions, as well as mixed mode floating-point instructions, 
are described in this chapter. The comprehensive’ set of 
instructions includes load and store floating-point numbers; adi, 
subtract, multiply, divide and compare two floating-point 
numbers; convert fixed-point to floating-point and vice versa; 
and mixed mode operations that translate single precision to 
double precision and vice versa. 


Floating-point is a means of representing a quantity in any 
numbering system. For example, the decimal number 123 (base = 
10), can be represented in the following forms: 


123.0 x 10° 
tei23 x 104 
0.123 x 105 
0.9123 x 104 


In this example, the decimal point moved; this is called a 
floating point. In actual floating-point representation, the 
Significant digits are always fractional and are collectively 
referred to as fractions. The power to which the base number is 
raised is called the exponent. For example, in the number .45678 
x 10 , 45678 is the fraction and 2 is the exponent. Both the 
fraction and the exponent can be signed. If we have a 
floating-point representation such as, 


(sign of fraction) (exponent) (fraction) 


the following representation applies: 


Number Floating point 
+32.94 = +.3294 x 102 |+ | +2] 3294) 
-23760000.0 = -~.2376 x 108 =| +8 2376 
+0.000059 = +.59 x 1074 i+ | -4] 59) 


-0-000000009207 3 


62073 x 10°{=[-8 | 32073) 
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Large or small numbers can be easily expressed in floating-point, 


making it ideally suitable for scientific computation. Note the 
compactness of floating-point notation in the above examples. 


Floating-point representation in the processor is Similar to the 
above representation. The differences are: 


1. Hexadecimal, instead of decimal, numbering system is 
used. 


Zia Physical size of the number is limited, therefore the 
magnitude and precision are limited. 


6.2 DATA FORMATS 


Floating-point numbers occur in one of two formats: Single 
precision and double precision. The single-precision format 
requires a fullword (32 bits). When such a value is contained in 
memory, it must exist on a fullword address boundary. The sign 
(S), exponent (X), and fraction (consisting of the digits Fl, F2, 
F3, F4&, FS, and F6) fields are designated as follows: 


11 12 15 16 19 20 23 24 27 28 


The dcuble-precision format requires a doubleword (64 bits). 
When two general registers hold a double-precision value, an 
even/odd pair of general registers must be used. The 
even-numbered register contains the most significant 32 bits, and 
the next sequential odd register contains the least significant 
32 bits. The sign (SS), exponent (X), and fraction (consisting of 
digits F1 through F14) fields are designated as follows: 


0 1 7 8 11 12 15 16 19 20 23 24 27 28 31 
sp x te Pe Po | | | 
35 36 39 40 47 48 51 52 55 56 59 60 
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6.3 FLOATING-PCINT NUMBER 


In the processor, a floating-point number is represented in the 
following form: 


604 - 
SIGN EXPONENT FRACTION 


Sign The most Significant bit of a floating-point number 
is the sign bit. The sign bit is zero for positive 
numbers and one for negative numbers. The 
floating-point value of zero always has a positive 
sign. 


Exponent The 7-bit field, bits 1:7, is designated as the 
expcnent field. The exponent is expressed in 
excess~€4 notation. The number in this field 
contains the true value of the exponent plus X‘'40' 
(decimal 64). This helps to represent very small 
magnitudes between 0 and @1- Some of the eaxponent 
values are as follows: 


605 


Exponent in True True 
Excess-64 exponent in exponent in Multiply 
notation hexadecimal decimal fraction by 
00 -4O -6Y 46-64 
3F -1 -4 16°! 
40 0 0 16 9 
41 1 1 16 | 
TE 3F 63 16 6 


The exponent field for true zero is always 00. 


Fraction The fraction field is 6 hexadecimal digits for 
single-precision floating-point numbers (thus 
limiting the precision), and 14 hexadecimal digits 
for double-precision floating-point numbers. As in 
any other fraction, the floating-point fraction is 


expressed with most precision when the most 
Significant hexadecimal digit (not necessarily the 
most Significant bit) is non-zero. The 


floating-point number with such a fraction is called 
a normalized floating-point number. In the Series 
320C Processors, normalized numbers are always used 
to obtain the maximum possible precision. For 
hexadecimal fraction conversion, refar to Appendix D. 
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Examples: 


The following examples illustrate the sign, 


exponent, 


and fraction concept of a floating-point number: 


Numbers in Hex 
integer-fraction 
notation 


+1.3A 25678 
-~6e89F2C 
+1A.C39D21 
~3C1DF.82A3 
+ABCDEF12.9AC 
+0.0032A9CF2 
~02.000002C7B5 


6.3.1 


The range of magnitude (M) of a normalized floating-point 


is as follows: 


Single precision: 
Double precision: 


Approximately for hoth: 


Table 6-1 
point 


Floating-Point 


Sign-exponent- 


fraction shown 
for clarity 


Single-precision 
Floating-point numbers 


Ee ae 
0 41 13A25678 4113A256 
141 689F2C C1689F2C 
0 42 1AC39021 421AC39D 
1 45 3C1DF82A3 C53C1DF8 
0 48 ABCDEF129AC 48 ABCDEF 
0 3E 32A9CF2 3E32A9CF 
1 3B 2C7B5 BB2C7B50 


TAELE 6-1 
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FLOATING—POINT 
NUMBERS 


(most negative) 


(least negative) 
(true zero) 


(least positive) 


(most positive) 


FEEF 


0000 
0000 


0000 
0000 


0009 
0000 
FFFF 
FFFF 


Number Range 


number 


16°65 <M < (1 - 16°) * 168 
WGP ES OS C1 ee BT): oe ee 
5.4 * 10°79 <M << 7.2 * 1075 


shows the floating-point range in relation to the fixed 
range with the decimal values. 


FLOATING/FIXED POINT RANGES 


DECIMAL 
NUMBERS 


FIXED-POINT 
INTEGER 


-7.2* 107 


-2 147 483 648 
-1 


(most negative) 
(least negative) 


-524*10°79 
0 


+5.4*10°79 

+1 
+2 147 483 647 
+7.2*1975 


(least positive) 
(most positive) 
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623-2 Normalization 


Normalization is a process of making non-zero the most 
significant digit (F1) of the fraction of a floating-point 
numbere In the normalization process, the floating-point 
fraction is shifted left hexadecimally (i.e., four bits at a 
time), and its exponent is decremented by one for 2ach 
hexadecimal shift until the most significant digit (not 
necessarily the most significant bit) of the fraction is 
nNON~ZeLroe 
a FRACTION 


a a ay ee 


SHIFT LEFT FRACTION HEXADECIMALLY UNTIL F1>0 


DECREMENT EXPONENT BY ONE FOR EACH SHIFT 
Except for the load instructions, all floating-point operations 
assume and require normalized operands for consistent results. 


The load instructions normalize an unnormalized operand. 


Example: 


Operands After normalization 
1. 42012345 41123450 
2e 210C0ABC 1EABCOSOD 
3. CIOOFEI2 CTFE1200 
4. 6C000000 00000000 (true zero) 
In Example 4, the fraction of the operand iS zero. During the 


normalization process, such a fraction is detected, and the 
Floating-point number is set to true zero. 


Norma lized results are always produced ia floating-point 


operations, assuning the operands are normalized. Results of 
operations between unnormalized numbers are undefined. 
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6-3-3 Equalization 


Equalization is a process of equalizing exponents of two 
floating-point numbers. The fraction of the floating-point 
number with the smaller exponent is shifted right hexadecimally, 
ieee, four bits at a time, and its exponent is incremented by one 
for each hexadecimal shift until the two exponents are equal. 


608 


INCREMENT EXPONENT BY ONE FOR EACH SHIFT 


SHIFT FRACTION RIGHT HEXADECIMALLY UNTIL EXPONENTS EQUAL 


a 


FRACTION 


During floating-point aidition and Subtraction, the two 
floating-point operands are equalized. 


Examples 


Floating rfoint After equalization 
operands 


1. 4312345€ 43123456 
3F789ABC 43000078 
2° CTFE1234 CIOOFE12 
4956789A 4956789A 


In this example, normalized floating-point numbers ar2_. shown 
because addition and subtraction require normalization. If the 
exponents differ by more than 6 for single precision or more than 
14 for double precision, the representable significance of the 
lower exponent floating-point number is lost in the process of 
equalization. CLigits shifted out are shifted through the guard 
digits and may still have an effect on the result, sum, or 
difference. 


6-6 29-693 ROO 1/79 


623-4 True Zerc 


A floating-point number is true zero when the exponent and_ the 
fraction fields are all zeros; therefore, all iata bits must be 
zero. A zero value always has a positive signe In general, zero 
values participate as normal operands in all floating-point 
operations. 


A true zero may be used as an operand. It may also result from 
an arithmetic operation that caused an exponent underflow, in 
which case the entire number may be forced to true zero. If an 
arithmetic operation produces a result whose fraction digits are 
all zeros (sometimes referred to as loss of significance), the 
entire number is forced to true zero. 


Examples: 


Numbers Operation Result Reason 
0 30000AB Normalize 0000 0000 exponent 
underflow 
41ABCDEF 
41ABCDEF Subtract 0000 0000 loss of 
significance 


6263-5 Exponent Cverflow 


In floating-point operations, exponent overflow occurs when a 
resulting exponent is greater than +63. If overflow occurs, the 
result register is unchanged. The condition code is set to 
reflect the overflow situation and the resulting sign. Figure 
6-1 illustrates exponent overflow using a line representation of 
numbers. . 
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Most negative True Most positive 
number Zero number 
oo ________—_0 © @——________—_____—_0 
FFFFFFFF 0 JFFFFFFF 
(exponent = 7F) (exponent = TF) 
= 6340 
—_———_—_—____-—_ — 

overflow overflow 


Figure 6-1 Exponent Overflow 


If overflow occurs, the V flag in the condition tode is set, and 
an arithmetic fault interrupt is taken. Exponent overflow 
interrupts cannct be disabled. 
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6-3-6 Exponent Underflow 


The normalization process, during a floating-point operation, may 
produce an exponent underflow. This underflow occurs when a 
result exponent is less than -64. Figure 6-2 illustrates 
exponent underflow using a line representation of numbers. 


ss Least negative True Least positive 
nuaber Zero number 
o—_f - © e oy +—__—_-® 
80100000 0010000 
exponent = 00 exponent = 00 
= 7a = an 
——— ——$§£ ———_—_ 
underflow underflow 


Figure 6-2 Fxponent Underflow 


If underflow occurs, an arithmetic fault interrupt is taken, if 
enabled by the current PSW. Both operands remain unchanged. If 
underflow is disabled by the current PSW, the result is forced to 
zero (the closest possible answer), the V flag in the condition 
code is set, and the next sequential instruction is executed. 


6.3.7 Guard Digits and R*-Rounding 


When an intermediate floating-point result has been formed, it 
consists of a sign, an exponent, and a frazttion field. fhe 
fraction field is extended by a number of guard digits containing 
the least significant fraction digits of the intermediate result. 
Before the result is copied to a destination, it is rounded to 
compensate for the loss in the final result of the guard digits. 


The rules for the R*-Rounding scheme are: 


e If the most Significant guard di 
less, no rounding is performed. 


it is hexadecimal 7 of 


Ba we oe te We Ne ww 


e If the most significant guard digit is hexadecimal 8, and 
all other guard digits are 0, the least significant bit of 
the final result is forced to 1. (See Example 2.) 


® If the most significant guard digit is hexadecimal 8, and 
another guard digit is non-zero; or if the most Significant 
guard digit is hexadecimal 9 or greater, 11s added to the 
fraction field of the final result. (See Example 3.) If 
this addition produces a carry out of the fraction field 
(iee., fraction field was all 1s), the rasult exponent is 
incremented by 1, the most significant fraction digit (F1) 
is set tc hexadecimal 1, and all other fraction digits are 
set to 0. (See Example 4.) Note that exponent overflow 
could occur as the result of rounding. 
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Examples of R*-Rounding 


INTERMEDIATE RESULT FINAL SINGLE-PRECISION 
RESULT 
1- 4U2ABCD12|32680000 42ABCD12 
2- C€1183756|80000000 €1183757 
3. 3E265739}80100000 3E26573A 
4. W1IFFFFFF|FO0Q00000 42100000 


6-3-8 Conversicn from Decimal 


To convert a decimal number into the excess-64 notation used 
internally by the processor, the following steps must be taken: 


1. Separate the decimal integer from the decimal fraction: 
182.375,=(182 + 375), 
2e Convert each part to hexadecimal by referring to the 
integer conversion table and the fraction conversion 


table in Appendix D. 


182,, = B6 


10 16 0 375,, =26,, 


3. Combine the hexadecimal integer and fraction: 
B6.6i6 = (B666X16° dic 
4. Shift the radix point: 
(B6.6X16 ),, =(.B66X16° jg 
5. Add 64 (X°40") to the exponent: 
4Oig t2i¢ F4246 
6. Convert the exponent. field and fractions to binary 
allowing 1 bit for the sign, 7 bits for exponent field, 


and 24 or 56 bits for the fraction. 


42866 = 0100 0010 1011 0110 0110 0030 0000 9009 


6-4 CONDITION CODE 


Most floating-point operations affect the condition code. For 
each instruction description, the possible condition code 
settings are shcwn. 
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6-5 FLOATING-PCINT INSTRUCTIONS 


Floating-point instructions use the Register to Register (RR), 
and the Register and Indexed Storage (RX) instruction formats. 
In all of the RR formats, except for fix and float, the R1 and R2 
fields specify cne of the floating-point registers. There are 
eight Single-rrecision floating-point registers andi eight 
double-precision floating-point registers numbered 0, 2, 4, 6, 8, 
10, 12, and 14. Except for FXR, FXDR, LSER, and LGDR 
instructions, the R1 field always specifies a floating-point 
register. 


Floating-point arithmetic operations, excluding loads and stores, 


require normalized operands to ensure correct results. If the 
operands are nct normalized, the results of these operations are 
undefined. Floating-point results are normalized. The 


floating-point load instructions normalize the floating-point 
data fresented as the second operand. 


The single-precision floating-point instructions described in 
this section are: 


LE Load Flicating-Point 

LER Load Flicating-Point Register 

LEGR Load Flceating-Point from General Register 
LPER Load Positive Floating-Point Register 
LCER Load Complement Floating-Point Register 
LME Load Ficating-Point Multiple 

LGER Load General Register from Floating-Point Register 
STE Store Floating-Point 

STME Store Floating-Point 4ultiple 

AE Add Floating-Point 

AER Add Floating-Point Register 

SE Subtract Floating-Point 

SER Subtract Floating-Point Register 

CE Compare Floating-Point 

CER Compare Floating-Point Register 

ME Multiply Floating-Point 

MER Multiply Floating-Point Register 

DE Divide Floating-Point 

DER Divide Floating-Point Register 

FXR Fix Register 

FLR Float Register 
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The double-precision floating-point: instructions described 


this section are: 


Load DPFP 

Load Register DPFP 

Load DPFEP from General Registers 
Load Positive Register DPFP 

Load Complement Register DPFP 
Load General Register from DPFP register 
Store DPFP 

Store Multiple DPFP 

Add DPFE 

Add Register DPFP 

Subtract DPFP 

Subtract Register DPFP 

Compare DPFP 

Compare Register DPFP 

Multiply DPFP 

Multiply Register DPFP 

Divide DPFP 

Divide Register DPFP 

Fix Register DPFP 

Float Register DPFP 


The mixed mode floating-point instructions described in 
section are: 


LED 
LEDR 
LDE 
LDER 
STDE 


Load SPFP from DPFP 

Load Register SPFP from DPFP 
Load DPEP from SPFP 

Load Register DPFP from SPFP 
Store DFEFP in SPFP 
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in 


this 
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6-5-1 Load Floating-Point 


Load Floating-Point (LE) 
Load Floating-Point Register (LER) 
Load Floating-Pcint from General Register (LEGR) 


Assembler Notation Op-Code Format 
LE R1,D02(X2) 68 RX1,RX2 
LE R1,A2(FX2,SX2) 68 RX3 
LER R1,R2 28 RR 
LEGR R1,R2 A5 RR 


Operation 


The floating-point second operand is normalized, if necessary, 
and placed in the single-precision floating-point register 
specified by R11. 


Condition Code 


Floating-point result is zero 
Floating-point result is less than zero 
Floating-point result is greater than zero 
Exponent underflow 


Programming Notes 


If the argument fraction is zero, the entire result is forced to 
zero, X*0Q000 0000°. 


Normalization can produce exponent underflow. If PSW bit 19 is 
set, an arithmetic fault interrupt is taken, and the register 
specified by R1 is unchanged. If an exponent underflow occurs, 
and bit 19 of the current PSW is zero, no arithmetic fault 
occurse Zeros replace the contents of the register specified by 
R1- 


In the RX formats, the second operand must be loaded on a 
fullwerd boundary. 
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Example: LE 


This example normalizes the fullword at memory 
places it in fleating-point register 8. 


Floating-point REG8 contains unknown data 
LOC contains X°4200 1000° 


Assembler Notation Comments 
LE REG8,LOC LOAD FROM LOC AND 


Result of LE Instruction: 
(REG8) = X*4010 0000° 


(LOC) Unchanged by this instruction 
Condition Code = 0010 
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19cation 


NORMALIZE 


LOC 


and 


6.5.2 Load Positive Floating-Point Register (LPER) 


Assembler Notation Op-code Format 
LPER R1,R2 13 RR 
Operation 


The floating-point second operand specified by R2 is forced 
positive, nor salized if necessary and placed in the 
Ssingle-precision floating-point register specifiad by R1. 


Condition Code 


Floating-point result is zeros 
Floating-point result is greater than zero 
Exponent underflow 


Programming Notes 


If the argument fraction is zero, the entire result is forced to 
zero, X*0000 O0O0OCO’. 


Normalization can produce exponent underflow. If PSW bit 19 is 
set, an arithmetic fault interrupt is taken, and the register 
specified by R1 is unchanged. If an exponent underflow occurs, 
and bit 19 of the current PSW is zero, no arithmetic fault 
occurs. Zeros replace the contents of the register specified by 
R1. 


Example: 


Floating-point REG& contains unknown data 
Floating-point REG8 contains X°C11921FR" 


Assembler Notation Comments 
LPER REG6,REG8 LOAD REG6 WITH 


POSITIVE OF (REGB) 
Result of LPER Instruction: 
(REG6) = X°4119Z1FB° 


(REG8) unchanged by this instruction 
Condition Code = 0010 
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6-5-3 Load Complement Floating-Point Register (LCER) 


Assembler Notation Op-Code Format 
LCER R1,R2 17 RR 


Operation 


The sign of the floating-point second operand specified by R2 is 
complemented. The resulting floating-point number is normalized, 
if necessary, and placed in the single-precision floating-point 
register specified by R11. 


Condition Code 


Floating-point result is zeros 
Floating-point result is less than zero 
Exponent underflow 


Programming Notes 


If the argument fraction is zero, the entire result is forced to 
zero, X*0000 OO0CO’. 


Normalization can produce exponent underflow. If PSW bit 19 is 
set, an arithmetic fault interrupt is taken, and the register 
specified by R1 is unchanged. If an exponent underflow occurs, 
and bit 19 of the current PSW is zero, no arithmetic fault 
occurs. Zeros replace the contents of the register specified by 
R1. 
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6-5-4 Load Floating-Point Multiple (LME) 


Assembler Notation Op-Code Format 
LME R1,D2(X2) 72 RX2,RX2 
LME R1,A2(FX2,8SX2) 72 RX3 


Operation 

Successive single-precision floating-point registers, starting 
with the register specified by R1, are loaded from successive 
fullword memory locations starting with the address of the second 
operand. The process stops when floating-point register 14 has 
been loaded. 


Condition Code 


Unchanged 


Programming Notes 


Values loaded into the floating-point registers are assumed to be 
normalized, and no test or adjustment is performed. 


The second operand must be located on a fullword boundary. 
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6-5-5 Load General Register from Floating-Point Register (LGER) 


Assembler Notation Op-Code Format 
LGER R1,R2 15 RR 


Operation 


jhe floating-point second operand, contained in the 
Single-precision floating-point register specified by R2, is 
placed in the general register specified by 21. The second 


operand is unchanged. 


Condition Code 


Result is zero 
Result is less than zero 
Result is greater than zero 
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625-6 Store Floating-Point (STE) 


Assembler Notation Op-Code Format 

STE R1,D2(X2) 60 RX1,RX2 

STE R1,A2 (FX2,SX2) 60 RX3 

Operation 

The floating-point first Operand, contained in the 


single-precision floating-point register specified by R1, is 
Placed in the fullword memory location specified by the second 
operand address. The first operand is unchanged. 


Condition Code 


Unchanged 


Programming Note 


The second operand must be located on a fullword boundary. 
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6-5-7 Store Flcating-Point Multiple (STME) 


Assembler Notation Op-Code Format 

STME R1,D2(X2) 71 RX1,RX2 

STME R1,A2(FX2,SX2) 71 RX3 

Operation 

The contents cf successive Ssingle-precision floating-point 


registers, starting with the even numbered register specified by 
R1, are stored in successive fullword memory locations, starting 
with the address of the second operand. The operation stops when 
the contents of floating-point register 14 have been stored. 


Condition Code 


Unchanged 


Programming Note 


The second operand must be located on a fullword boundary. 
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6.5.8 Add Floating-Point 


Add Floating-Point (AE) 
Add Floating-Point Register (AER) 


Assembler Notation Jp-Code Format 
AE R1,D2(X2) 6A RX1,RX2 
AE R1,A2(FX2,SX2) 6A RX3 

AER R1,R2 2A RR 


Operation 


The two operand exponents are compared. If the 2xponents differ, 
the fraction with the smaller exponent is shifted right 
hexadecimally (four bits at a time), and its exponent is 
incremented by cne for each hexadecimal shift, until the two 
exponents are equal. The hexadecimal digits (of four bits each) 
are shifted thrcugh the guard digits for additional precision. 
If no equalizing shifts are required, the guard digits remain 
zero. The fractions are then alyebraically added. The guard 
digits participate in this addition. 


If the addition of fractions produces a carry, the exponent of 
the result is incremented by one, and the fraction of the result 
is shifted right one hexadecimal digit. The carry bit is shifted 
back into the mest significant hexadecimal digit of the fraction, 
producing a normalized result. This result is then R*-rounded 
and replaces the contents of the single-precision floating-point 
register specified by R1. 


If the addition of fractions does not produce a carry, the result 
is normalized, if necessary, and R*-rounded. This result 
replaces the contents of the single-precision floating-point 
register specified by R1. 


Condition Code 


-Floating-~point result is zero 
Floating-point result is less than zero 
Floating-point result is greater than zero 
Exponent overflow, result is less than zero 
Exponent overflow, result is greater than 
zero 
Exponent underflow 
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Programming Notes 


When the addition of the fractions produces a carry, incrementing 
the exponent of the result by one can produce exponent overflow. 
In this case, the arithmetic fault interrupt is taken and the 
contents of the register specified by R1 remain unchanged. 


Normalization of the result can produce exponent underflow. If 
PSW bit 19 is set, an arithmetic fault interrupt is taken, and 
the register specified by R1 is unchanged. If exponent underflow 
occurs and bit 19 of the current PSW is zero, no arithmetic fault 
occurs. Zeros replace tha contents of the register specified by 
R1. 


In the RX formats, the second operand must _ be located on a 
fullword boundary. 


Fastest results occur when the first operand is larger than the 
second operand. 


Example: AE 
This example adds the contents of LOC to the contents of 
floating-point register 8 and places the result in floating-point 


register 8. 


Floating-point REG8 contains X‘'7EFF FFFF*, 
LOC contains X°7EFF FFFF® 


Assembler Notation Comments 
AE REG8,LOC ADD (LOC) TO (REG8) 


Result of AE Instruction 
(Floating-Point REG8) = T7FI1F FFFF 


(LOC) unchanged by this instruction 
Condition Code = 0010 
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6.5.9 Subtract Floating-Point 


Subtract Floating-Point (SE) 
Subtract Floating-Point Register (SER) 


Assembler Notation Op-Code Format 
SE R1,D2(X2) 63 RX1,RX2 
SE R1,A2(FX2,SX2) 6B RX3 

SER R1,82 28 RR 
Operation 


The two operand exponents are compared. If the exponents differ, 
the fraction with the smaller exponent is shifted right 
hexadecimally (four bits at a time), and its exponent is 
incremented by one for each hexadecimal shift, until the two 
exponents are equal. The hexadecimal digits (of four bits each) 
are shifted through the guard digits for additional precision. 
If no equalizing shifts are required, the guard digits remain 
ZeLO~. The second operand fraction is then subtracted 
algebraically from the first operand fraction. The guard digits 
participate in this subtraction. 


If the subtraction of fractions produces a carry, the exponent of 
the result is incremented by one, and the fraction of the result 
is shifted right one hexadecimal digit. The carry bit is shifted 
back into the most significant hexadecimal digit of the fraction, 
producing a nermalized result. This result is then R*-rounded 
and replaces the contents of the single-precision floating-point 
register specified by R1. 


If the subtraction of fractions does not produce a carry, the 
result is normalized, if necessary, then R*-rounded. This result 
replaces the contents of the single-precision floating-point 
register specified by R1. 


Condition Code 


Floating-point result is zero 
Floating-point result is less than zero 
Floating-point result is greater than zero 
Exponent overflow, result is less than zero 
Exponent overflow, result is greater than 
zero 

Exponent underflow 
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Programming Notes 


When the subtraction of the fractions produces a carry, 
incrementing the exponent of the result by one can produce 
exponent overflcw. In this case, the arithmetic fault interrupt 
is taken, and the contents of R1 remain unchanged. 


Normalization of the result can produce exponent underflow. If 
PSW bit 19 is set, an arithmetic fault interrupt is taken, and 
the register specified by R1 is unchanged. If exponent underflow 
occurs and bit 19 of the current PSW is zero, no arithmetic fault 
occurs. Zeros replace the contents of the register specified by 
R1. 


In the RX formats, the second operand must be located on a 
fullword boundary. 


Fastest results occur when the first operand is larger than the 
second operand. 


Example: SE 
This example suktracts the contents of LOC from the contents of 
floating-point register 8 and places the result in floating-point 


register 8. 


Floating-point REG8 contains X‘7EFF FFFF* 

LOC contains X°7A10 0000° 

Assembler Notation Comments 

SE REG8,LOC SUBTRACT (LOC) FROM (REG8) 
Result of SE Instruction 

(Floating-point REG8) = 7(FECF (FCFCFE 


(LOC) unchanged by this instruction 
Condition Code = 0010 
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625-10 Compare Floating-Point 


Compare Floating-Point (CE) 
Compare Floating-Point Register (CER) 


Assembler Notation Op-Code Format 

CE R1,D2(X2) 69 RX1,RX2 

CE R1,D2(FX2,SX2) 69 RX3 

CER R1,R2 29 RR 

Operation 

The first and second operands are compared. Comparison is 


algebraic, and the sign, fraction, and exponent of each number 
must be considered. The result is indicated by the condition 
code setting. Neither operand is changed. 


Condition Code 


First operand is equal to sezond operand 
First operand is less than second operand 
First operand is greater than second operand 


Programming Notes 
The state of the V flag is undefined. 


In the RX formats, the second operand must bea located on a 
fullword boundary.e 
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6.25.11 Multiply Floating-Point 


Multiply Floating-Point (ME) 
Multiply Floating-Point Register (MER) 


Assembler Notation 9p-Code Format 
ME R1,D2(X?2) §C RX1,RX2 
ME R1,A2(FX2,SX2) 6C RX3 

MER R1,R2 2c RR 


Operation 


The exponents of each operand, as derived from the excess-64 
notation used in floating-point representation, are added to 
produce the exponent of the result. This exponent is converted 
back to excess-64 notation, and the fractions are then 
multiplied. 


If the product is zero, the entire floating-point value is forced 
to zero, X*°0000 0000°. If the product is not zero, the result is 
normalized. The sign of the result is determined by the rules of 
algebra. The R*-rounded result replaces the contents of the 
Single-precision floating-point register specified by R1. 


Condition Code 


Floating-point result is zero 
Floating-point result is less than zero 
Floating-point result is greater than zero 
Exponent overflow, result is less than zero 
Exponent overflow, result is greater than 
Zero 

Exponent underflow 


Programming Notes 


Multiplication of two 6-hexadecimal-digit fractions effectively 
produces a result of 6 hexadecimal digits and a number of guard 
digits. The guard digits participate in the R*-rounding of the 
final result. 


The addition of exponents can produce exponent overflow. In this 


case, an arithmetic fault interrupt is taken, ani both operands 
remain unchanged. 
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The addition of exponents or the normalization process can 
produce exponent underflow. If PSW bit 19 is set, an arithmetic 
fault interrupt is taken, and the register specified by R1 is 
unchanged. If exponent underflow occurs and bit 19 of the 
current PSW is zero, no arithmetic fault occurs. Zeros replace 
the contents of the register specified by P11. 


In the RX formats, the second operand must be located on a 
fullwcrd boundary. 


Fastest results occur when the second operand multiplier contains 
sets of four or more contiguous ones or zeros. 


Example: ME 
This example multiplies the contents of floating-point register 
8 by the contents of memory location LOC and places the result in 


floating-point register 8. 


Floating-point REGS contains X°SFFF FFEFFF® 
LOC contains X‘60FF FFFF® 


Assembler Notation Comments 

ME REG8,LOC MULTIPLY (REG8) BY (LOC) 
Result of ME Instruction 

(Floating-point REG8) = 7FFF FFFE 


(LOC) unchanged by this instruction 
Condition Code = 0010 
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625-12 Divide Floating-Point 


Divide Floating-Point (DE) 
Divide Floating-Point Register (DER) 


Assembler Notation Op-Code Format 
DE R1,D2 (X2) 6D RX1,RX2 
DE R1,A2 (FX2,5X2) 6D RX3 
DER R1,R2 2D RR 


Operation 


The exponents of each operand, as derived from the excess-64 
notation used in floating-point representation, are subtracted to 
produce the exponent of the result. This exponent is converted 
back to excess-64 notation. 


The first operand fraction is then divided by the second operand 
fraction. Division continues until the quotient is normalized, 
adjusting the exponent for each additional division required. 


No remainder is returned. The sign of the quotient is determined 
by the rules of algebra. The R*-rounded quotient replaces the 
contents of the Single-precision floating-point register 
specified by R1. 


Condition Code 


Floating-point result is zeros 
Floating-point result is less than zero 
Floating-point result is greater than zero 
Exponent overflow, result is less than zero 
Exponent overflow, result is greater than 
zero 

Exponent underflow 

Divisor equal to zero 


Programming Notes 


Refore starting the divide operation, the divisor is checked. If 
it is equal to zero, the operation is aborted, and the arithmetic 
fault interrupt is taken. Neither operand is changed. 


Subtraction of exponents may produce exponent overflow. In this 


case, an arithmetic fault interrupt is taken, and both operands 
remain unchanged. 
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The subtraction of exponents or the division process can proiuce 
exponent underflow; normalization of the result can produce 
exponent underflow. If PSW bit 19 is set, an arithmetic fault 
interrupt is taken, and the register specified by R21 is 
unchanged. If exponent underflow occurs and bit 19 of the 
current PSW is zero, no arithmetic fault occurs. Zeros replace 
the contents of the register specified by R1. 


The 6-hexadecimal digit first operand fraction is divided by the 
6-hexadecimal digit second operand, effectively producing the 
6-hexadecimal digit quotient along with a number of guard digits. 
The guard digits participate in the R*-rounding of the final 
result. 


In the RX formats, the second operand must be located on a 
fullword boundary. 


Example: DE 
This example divides the contents of floating-point register 4 by 
the contents of memory location LOC and places the result in 


floating-point register 4. 


Floating-point REGY contains X°4U4FF FFFF* = dividend 


LOC contains X*0611 1111° = divisor 
Assembler Notation Comments 
DE REG4&,LOC DIVIDE (REGY) BY (LOC) 


Result of DE Instruction: 
(Floating-point REG&) = TFFO 0900 


(LOC) unchanged by this instruction 
Condition Code = 0010 
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6-50-13 Fix Register (FX) 


Assembler Notation Op-Code Format 
FXR R1,R2 25 RR 


Operation 


R1 and R2 specify a general-purpose register and a floating-point 
register respectively. The normalized floating-point number 
contained in the floating-point register is converted to a two's 
complement notation integer value by shifting and truncating. 
The result is stored in the general register specified by R1. 


Condition Code 


Result is zero or underflow 

Result is less than zero 

Result is greater than zero 

Overflow, result is less than zero 
Overflow, result is greater than zero 


Programming Notes 


The range of floating-point magnitudes (M) that produces a 
non-zero integral result is: 


+X*48B80 O0000'> M > +X*4110 0000° 
Floating-point magnitudes greater than +X487F FFFF' Or 
~X*4880 0000° cause overflow. Tne result is forced to 
X‘'7FFFEF FFFF® if positive, or to X°8000 9000° if negative. 
The V flag is set in the condition code along with either the G 
or L flag, depending on the sign of the result. 


Floating-point magnitudes less than +X°4110 0000° cause 
underflow, and the result is forced to zero. 


In the event of overflow or underflow, no arithmetic fault 
interrupt is taken, even if enabled in the current PSH. 


Examples FXR 


This example converts the contents of floating-point register 8 
to a fixed-point number and places it in register 3. 
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Floating-point REGS contains X‘°4U6FF FFOO’ 
REG3 contains unknown data 


Assembler Notation Comments 
FXR REG3,REG8 CONVERT (REG8) TO FIXED POINT 


Result of FXR Instruction 


(REG3) = OOFFFFOO 
(Floating-point REG8&) unchanged by this instruction 
Condition Code = 0010 
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6e5e14 Float Register (FLR) 


Assembler Notation Op-Code Format 
FLR R1,R2 2F RR 


Operation 


R1 and R2 specify a floating-point register and a general-purpose 
register, respectively. The integer value contained in the 
general register specified by R2 is converted to a floating-point 
number and stored in the single-precision floating-point register 
specified by R1. 


Condition Code 


Floating-~point result is zero 
Floating-point result is less than zero 
Floating-point result is greater than zero 


Programming Note 


The full range of fixed-point integer values can be converted to 
floating point. The fixed-point value X‘7FFF FFFF', the largest 
positive integer, converts to the floating-point value X*°uUsT7F 
FFFF*, The fixed-point value xX°'8000 0000', the most negative 
integer, converts to the floating-point value X°'C&80 J000". The 
result in R1is normalized and truncated, if necessary, to fit in 
the six fraction digits. 


Examples FLR 
This example converts the fixed-point contents of Register 4 to 
a floating-point number and places it in floating-point register 


on 


(REG4Y) contains X‘7FFF FFFO° 
Floating-point REG8 contains unknown data 


Assembler Notation comments 

FLR REG8,REG4 CONVERT (REG4Y) TO FLOATING POINT 
Result of FLR Instruction: 

(Floating-point REG8) = 487FFFFF 


(REG4Y) unchanged by this instruction 
Condition Code = 0010 
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6252-15 Load Double-Precision Floating-Point 


Load Louble-Precision Floating-Point (LD) 

Load Register Double-Precision Floating-Point (LDR) 

Load Couble-Precision Floating-Point Registers from General 
Registers (LDGR) 


Assembler Notation Ip-Code Format 
LD R1,D2(X2) 78 RX1,RX2 
LD R1,A2(FX2,SX2) 78 RX3 

LDR R1,R2 38 RR 

LDGR Rt1,R2 A6 RR 
Operation 


The floating-point second operand is normalized, if necessary, 
and placed in the double-precision floating-point register 
specified by R1. 


Condition Code 


Double-precision result is zero 
Double-precision result is lass than zero 
Double-precision result is greater than zero 
Exponent underflow 


Programming Notes. 


If the argument fraction is zero, the entire result is forced to 
zero, X*°0900 0000 0000 0000°. 


Normalization can produce exponent underflow. Tf PSW bit 19 is 
set, the arithmetic fault interrupt is taken, and the register 


specified by R1 remains unchanged. If exponent underflow occurs, 
and bit 19 of the current PSW iS zero, no arithmetic fault 
OCCULSe Zeros replace the contents of the register specified by 
R1. 


In the RX formats, the second operand must be locatei on a 
fullword boundary. 


The R1 field for LDGR must specify the even number of an even/odi 
pair of general registers. 
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6.5.16 Load Positive Double-Precision Register (LPDR) 
Assembler Notation Op-Code Format 


LPDR R1,R2 33 RR 


Operation 


The double-precision floating-point second operand contained in 
the double-precision floating-point register specified by 22 is 
forced positive. The result is normalized if necessary and 
placed in the double-precision floating-point register specified 
by Rt. 


Condition Code 


Double-precision result is zero 
Double-~precision result is greater than zero 
Exponent underflow 


Programming Notes 


If the argument fraction is zero, the entire result is forced to 
zero, X*°0000 0000 0000 0000°. 


Normalization of the result can produce exponent underflow. it @ 
PSW bit 19 is set, the arithmetic fault interrupt is taken, and 
the register specified by  R1 remains unchanged. If exponent 
underflow occurs, and bit 19 of the current PSW is zero, no 
arithmetic fault occurs. Zeros replace the contents of the 
register specified by P1. 
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6-52-17 Load Complement Double-Precision Register (LCD) 


Assembler Notation Cp-Code Format 


LCDR R1,R2 37 RR 


Operation 


The sign of the double-precision floating-point second operand 
contained in the double-precision floating-point register 
specified by R2 is complemented. The result is normalized if 
necessary and placed in the double-precision floating-point 
register specified by P1. 


Condition Code 


Double-precision result is zero 
Double-precision result is less than zero 
Exponent underflow 


Programming Notes 


If the argument fraction is zero, the entire result is forced to 
zero, X*0000 0000 0000 O0000°. 


Normalization may produce exponent underflow. If PSW bit 19 is 
set, the arithmetic fault interrupt is taken and the register 
specified by R1 remains unchanged. If an exponent underflow 
occurs and bit 19 of the current PSW is zero, no arithmetic fault 
eccurSe Zeros replace the contents of the register specified by 
R1. 
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6.5218 Load Multiple Double-Precision Floating-Point (LMD) 


Assembler Notation Op-Code Format 
LMD R1,D2(X2) TF RX1,RX2 
LMD R1,A2(FX2,SX2) 7F RX3 


Operation 

Successive double-precision floating-point registers, starting 
with the register specified by R1, are loadei from successive 
fullword memory location pairs, starting with tha address of the 
second operand. The process stops when double-precision 
floating-point register 14 has been loaded. 

Condition Code 


Unchanged 


Programming Notes 

Values loaded into the double-precision floating-point registers 
are assumed to be normalized, and no test or adjustment is 
performed. 


The second operand must be located on a fullword boundary. 
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625-19 Load General Registers from Double-Precision 
Floating-Point Register (LGDR) 
Assembler Notation Op-Code Format 


LGDR R1,R2 16 RR 


Operation 


The double-precision floating-point second operand, contained in 
the double-precision register specified by R2, is placed in the 
general register pair specified by R1. The seztond operand is 
unchanged. 


Condition Code 


Result is zero 
Result is less than zero 
Result is greater than zero 


Programming Notes 


The R1 field must specify the even member of the even/odd pair of 
general registers receiving the result. The even numbered 
register receives the nost significant 32 bits while the next 
sequential odd numbered register receives the least significant 
32 bits. 


lf R1 is not an even numbered register, unpredictable results 
OCCUL. 
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65-20 Store Double-Precision Floating-Point (SID) 


Assembler Notation Op-Code Format 
STD R1,D2(X2) 70 RX1,RX2 
STD R1,A2(FX2,SX2) 79 RX3 


Operation 

The floating-point first operand, contained in the 
double-precision floating-point register specified by Ri, is 
placed in the dcuble word memory location specified by tha second 
operand address. The first operand is unchanged. 


Condition Code 


Unchanged 


Programming Note 


The second operand must be located on a fullword boundary. 
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6.5.21 Store Multiple Double-Precision Floating-Point (STMD) 


Assembler Notation Op-Code Format 
STMD R1,D2(X 2) TE RX1,RX2 
STMD R1,A2(FX2,SX2) 7E RX3 


Operation 

The contents cf successive double-precision floating-point 
registers, Starting with the even numbered register specified by 
R1, are stored in successive fullword memory location pairs, 
starting with the address of the second operani.e The operation 
stops when the contents of double-precision floating-point 
register 14 have been stored. 

Condition Code 


Unchanged 


Programming Note 


The second operand must be located on a fullword boundary. 
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625.222 Add Doukle-Precision Floating-Point 


Add Double-Precision Floating-Point (AD) 
Add Register Double-Precision Floating-Point (ADR) 


Assembler Notation Op-Code Format 
AD R1,D2(X2) 7A RX1,RKX2 
AD R1,A2(0FX2,SX2) 7A RX3 

ADR R1,R2 3A RR 
Operation 


The two operand exponents are compared. IJTf the exponents differ, 
the fraction with the smaller exponent is shifted right 
hexadecimally (four bits at a time), and its exponent is 
incremented by one for each hexadecimal shift until the two 
exponents are equal. Hexadecimal digits are shifted through the 
guard digits to retain precision. The fractions are then added 
algebraically. 


If the addition of fractions produces a carry, the exponent of 
the result is incremented by one and the fraction of the result 


is shifted right one hexadecimal position. The carry bit is 
shifted back into the most significant hexadecimal digit of the 
fraction, producing a normalized result. This result is 


R*-rounded and replaces the contents of the double-precision 
floating-point register specified by R11. 


If the addition of fractions does not produce a tarry, the result 
is normalized, if necessary, and placed in the double-precision 
floating-point register specified by Ri. 


Condition Code 


Doubla-precision result is zero 
Double-precision result is 1l2ss than zero 
Double-precision result is greater than zero 
Exponent overflow, result is less than zero 
Exponent overflow, result is greater than 
Zero 

Exponent underflow 
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Programming Notes 


When the additicn of fractions produces a carry, incrementing the 
exponent of the result by one may produce exponent overflow. In 
this case, the arithmetic fault interrupt is taken and both 
operands remain unchanged. 


Normalization of the result can produce exponent underflovw. If 
PSW bit 19 is set, an arithmetic fault interrupt is taken, and 
the register specified by R1 is unchanged. If exponent underflow 
occurs and bit 19 of the current PSW is zero, no arithmetic fault 
occurs. Zeros replace the contents of the register specified by 
Ri. , 


Fastest results occur when the first operand is larger than the 
second operand. 


In the RX formats, the second operand must b2 located on a 
fullword boundary.e 
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665-23 Subtract Double-Precision Floating-Point 


Subtract Double-Precision Floating-Point (SD) 
Subtract Register Double-Precision Floating-Point (SDR) 


Assembler Notation 9p-Code Format 
SD R1,D2(X2) 7B RX1,RX2 
SD R1,A2(FX2,SX2) 7B RX3 

SDR R1,R2 3B RR 
Operation 


The two operand exponents are compared. If the 2xponents differ, 
the fraction with the smaller exponent is shifted right 
hexadecimally (four bits at a time), and itsS exponent is 
incremented by cne for each hexadecimal shift, until the two 
exponents are equale Hexadecimal digits are shifted through the 
guard digits to retain precision. The second operand fraction is 
then subtracted algebraically from the first operand fraction. 


If the subtraction of fractions produces a carry, the exponent of 
the result is incremented by one and the fraction of the result 
is shifted right one hexadecimal position. The carry bit is 
shifted back into the most significant hexadecimal digit of the 
fraction producing a normalized result. This result is 
R*-rounded and replaces the contents of the double-precision 
floating-point register specified by R1. 


If the subtraction of fractions does not produce a carry, the 
result is normalized, if necessary, then R*-roundied and placed in 
the double-precision floating-point register spertified by R1. 


Condition Code 


Double-precision result is z2ro0 
Double-precision result is less than zero 
Double-precision result is greater than zero 
Exponant overflow, result is less than zero 
Exponent overflow, result is greater than 
zero 

Exponent underflow 
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Programming Notes 


When the subtraction of fractions produces a carry, incrementing 
the exponent of the result by one may produce exponent overflow. 
In this case, the arithmetic fault interrupt is taken and the 
contents of E1 remain unchanged. 


Normalization of the result can produce exponent underflow. If 
PSW bit 19 is set, an arithmetic fault interrupt is taken, and 
the register specified by R1 is unchanged. If exponent underflow 
occurs and bit 19 of the current PSW is zero, no arithmetic fault 
occurs. Zeros replace the contents of the register specified by 
Rie 


Fastest results occur when the first operand is larger than the 
second operand. 


In the RX formats, the second operand must be locatei on a 
fullword boundary. 
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6.5-24 Compare Double-Precision Floating-Point 


Compare Double-Frecision Floating-Point (CD) 
Compare Register Double-Precision Floating-Point (CDR) 


Assembler Notation Op-Code Format 

CD R1,D2(X2) 79 RX1/RX2 

CD R1,A2(FX2,SX2) 79 RX3 

CDR R1,R2 39 RR 

Operation 

The first and second operands are compared. Comparison is 
algebraic, taking into account the sign, exponent and fraction of 
each number. The result is indicated by the condition code 


setting. Neither operand is changed. 
Condition Code 


First operand is equal to setond operand 
First operand is less than second operand 
First operand is greater than second operand 


Programming Notes 
The state of the overflow flag is undefined. 


In the RX formats, the second operand must ba locatei on 4a 
fullword boundary.e 
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6.5.25 Multiply Double-Precision Floating-Point 


Multiply Double-Precision Floating-Point (MD) 
Multiply Register Double-Precision Floating-Point (MDR) 


Assembler Notation Op-Code Format 
MD R1,D2(X2) 7C RX1,RX2 
MD R1,A2(0FX2,SX2) TC RX3 

MDR R1,R2 3C RR 
Operation 


The exponents of the two operands, as derived from the excess-64 
notation used in floating-point representation, are aidei to 
produce the exponent of the result. This exponent is converted 
back to excess-64 notation. The fractions are then multiplied. 


If the product is zero, the entire double-precision value is 
forced to zerc, xX*0O000 0000 0000 0000°. If the product is not 
zera, the result is normalized, it necessary. The sign of the 
result is determined by the rules of algebra. The R*-rounded 
result replaces the contents of the double-prertision floating- 
point register specified by Ri. 


Condition Code 


Double-precision result is zero 
Double-precision result is less than zero 
Double-precision result is greater than zero 
Exponent overflow, result is less than zero 
Exponent overflow, result is greater than 
zero 

Exponent underflow 


Programming Notes 


Multiplication of two 14-hexadecimal-digit fractions effectively 
produces a result of 14 hexadecimal digits and a number of guard 
digits. The guard digits participate in the R*-rounding of the 
final result. 


The addition of exponents may produce exponent overflow. In this 


case, an arithmetic fault interrupt is taken andi both operands 
remain unchanged. 
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Normalization of the result can produce exponent underflow. If 
PSW bit 19 is set, an arithmetic fault interrupt is taken, and 
the register specified by R1 is unchanged. If exponent underflow 
occurs and bit 19 of the current PSW is zero, no arithmetic fault 
occurse Zeros replace the contents of the register specified by 
Rie 


In the RX formats, the second operand must bea locatei on 4a 
fullword boundary. 


Fastest results occur when the second operand multiplier contains 
sets of 4 or more contiguous ones or zeros. 
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62-52-26 Divide Double-Precision Floating-Point 


Divide Double-Precision Floating-Point (DD) 
Divide Register Double-Precision Floating-Point (DDR) 


Assembler Notation Op-Code Format 
DD R1,D2(X2) TC RX¥1,RX2 
DD R1,A2(0FX2,SX2) 7D RX3 

DDR R1,R2 3C RR 


Operation 


The exponents of the two operands, as derived from the excess-64 
notation used in floating-point representation, are subtracted to 
produce the exponent of the result. This exponent is converted 
back to excess-64 notation. 


The first operand fraction is then divided by the second operand 
fraction. Division continues until the quotient is normalized, 
adjusting the exponent for each additional division required. 


No remainder is returned. The sign of the result is determined 
by the rules of algebra. The &*-rounded guotient replaces the 
contents of the double-precision floating-point register 
specified by ?1. 


Condition Code 


Double-precision result is zero 
Pouble-precision result is l2ss than zero 
YNouble-~precision result is greater than zero 
Exponent overflow, result is less than zero 
Exponent overflow, result is jreater than 
Zero 

Fxponent underflow 

Divisor eyual to zero 
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Programming Notes 


Before starting the divide operation, the divisor is checked. Lt 
it is equal to zero, the operation is aborted, and the arithmetic 
fault interrupt is taken. Neither operand is changed. 


The subtraction of exponents may vnroduce exponent overflow. In 
this case, an arithmetic fault interrupt is taken and both 
operands remain unchanged. 


Subtraction of exponents or the division process can produce 


exponent underflow. Normalization of the result can produce 
exponent underflow. If PSW bit 19 is set, an arithmetic fault 
interrupt is taken, and the register specified by 8&1 is 


unchanged. If exponent underflow occurs) and bit 19 of the 
current PSW is zero, no arithmetic fault occurs. Zeros renlace 
the contents of the register specified by R11. 


The 14-hexadecimal-digit first Operand fraction is divided by the 
14-hexadecimal-digit second operand fraction, effectively 
producing the 14u-hexadecimal-digit quotient along with a number 
of guard digits. The guard digits participate in the &*-rounding 
of the final result. 


In the R¥ formats, the second operand must he located on a 
fullword boundary. 
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665-27 Fix Register Double-Precision (FXDR) 


Assembler Notation Jp-Coie Format 
F XDR R1,R2 3E RR 


Operation 


R1 and 82 specify a general purpose register and a 
double-precision floating-point register, respectively. The 
normalized floating-point number contained in th2 floating-point 
register is cenverted to an integer value by shifting and 
truncating. The result is placed in the general register 
specified by R1. 


Condition Code 


Result is zero or underflow 

Result is less than zero 

Result is greater than zero 

Overflow, result is less than zero 
Overflow, result is jyreater than zero 


Programming Notes 


The range of the floating-point magnitude (M) that produces a 
non-zero integral result is: 


+ K*4880 0090 0000 0000° > M > + K'4H110 9006 0000 0000°. 


Double-precision floating-point magnitudes greater than +X‘'4sa7F 
FREE FFFEF FFFF* or -X'4889 0900 0000 0000" cause overflow. The 
result is forced to X°7FFF FFFr® if positive or to X*°8000 0900° 
if negative. The ¥Y flag is set in the condition code along with 
either the G or L flag, depending on the sign of the result. 


Double-precision floating-point magnitudes less than +X°4110 9000 
0000° cause underflow, and the result is forced to zero. 


In the event of overflow or underflow, no arithmetic fault 
interrupt is taken even if enabled in the current PS. 
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6 052 28 Float Register Double-Precision (FLDR) 


Assembler Notation Op-Code Format 


FLDR R1,R2 3F RR 


Gperation 


RF1and R2 specify a double-precision floating-point register ani 
a general purpose register, respectively. [The integer value 
contained in the general register specified by R2 is converted to 
a floating-point number and placed in the double-precision 
floating-point register specified by R1. 


Condition Code 


Double-precision result is zero 
Double-precision result is less than zero 
Double-precision result is greater than zero 


Programming Notes 


The full range cf fixed point integer values may be converted to 
double-precision floating-point. The fixed point value X‘°7FFF 
FFFF*, the largest positive integer, converts to a double- 
precision floating-point value of X'487F FFFF FFOO 0009°. The 
fixed-point value <X°8000 0000°, the most negative integer, 
converts to a double-precision floating-point value of X‘°C880 
0000 C000 0009°. 


The result in R1is normalizel. 
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625.29 Load Single-Precision Floating-Point Register From Double 


Load Single-Precision Floating-Point Register from Double- 
Precision Memory (LED) 

Load Single-Precision Floating-Point Register from Double- 
Precision Register (LEDR) 


Assembler Notation Op-Code Format 
LED R1,D2(X2) 84 RX1,RX2 
LED R1,A2(0FX2,SX2) 84 RX3 
LEDR R1,R2 AY RR 


Operation 


Double-precision floating-point data from the second operand 
location is R*-rounded to single-precision accuracy, and placed 
in the single-precision floating-point register specified by &1. 


Condition Code 


Floating-point result is zero 
Floating-point result is less than zero 
Floating-point result is greater than zero 
Exponent underflow 

Exponent overflow, result is less than zero 
Exponent overflow, result is jyreater than 
Zero 


Programming Notes 
R1 and R2 must specify even-numbered registers. 
Rounding of the result may cause exponent overflow. In this 


case, the register specified ty Rk1 is unchanged, and the 
arithmetic fault interrupt is taken. 
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Normalization of the result may produce exponent underflow. If 
enabled by PSW bit 19, the arithmetic fault interrupt is taken, 
and the register specified by K1 remains unchanged. If bit 19 of 
the current FPSW iS zero, zeros replace the contents of the 
register specified by P1. 


In the RR format, double-precision data is contained in the 
even/cdd pair of general registers specified py R2. R2 contains 
the most-significant 32 bits, and R2+1 contains the 
least-significant 32 bits. If R2 is not an even numbered 
register, unpredictable results occur. 


In the RX formats, the second operand must be located on a 
fullwerd boundary. 
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6.5.30 Load Double-Precision Floating-Point Register From Single 


Load Louble-Precision Floating-Point Register from Single- 
Precision Memory (LDF) 

Load Couble-Precision Floating-Point Register from Single- 
Precision Register (LDER) 


Assembler Notation Op-Code Format 
LDE R1,D2(¥2) 87 RX 1,RX2 
LDE R1,A2(FX2,5X2) 87 kX 3 
LDER R1,82 A7 RR 
Operation 


Single-precision floating-point data from the second operand 
location is converted to double-precision data by appending 
tralling zeros. The result replaces the contents of the 
deuble-precision floating-point register specified by 1. 


Condition Code 


Youble-precision result is zero 
Double-precision result is less than zero 
Double-precision result is yreater than zero 
exponent underflow 


Programming Notes 


The registers specified by R1 and nr? must be even-numbered 
registers. 


Normalization of the result nay produce exponent u 
ana naa by DCW + 19, tha arithmatic fanl+ inter 


GHavicua cor bit Carco GZazaliiwmeovriaCO Laut Lite v 
and the register specified by R1 remains unchanged. iT 
the current PSW is zero, no arithmetic fault occurs. 
replace the contents of the register specified by R1. 


In the RX formats, the second operand must be located on a 
fullword boundary. 
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6.5.31 


Store Dcuble-Precision Floating-Point Register in Single- 


Precisicn Memory (STDE) 


Assembler Notation 


R1,D2(X2) 
R1,A2(0FX2,SX2) 


STDE 
STDE 


Operation 


Data from the dcuble-precision floating-point rejzister 
is R*-rounded to single-~precision accuracy, 


by R41 


Op-Code Format 
82 RX1,RX2 
B82 RX 3 


specified 
and stored in 


the fullword second operand location. 


Condition Code 


Unchanged 


Programming Notes 
The register specified 


Normalization cf the 
underflow. In this 
contents of the second 


Rounding of the result 
case, the contents 
unchanged, 


by R1 must be an even-numbered register. 


produce 
0009°, 


rounded result may 
case, zero, X¥*0900 
operand location. 


exponent 
replaces the 


In this 


remain 


overflow. 
operand location 


cause exponent 
the second 


may 
of 


and the arithmetic fault interrupt is taken. 


The second operand must be located on a fullword boundarye 
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CHAPTER 7 
STRING OPERATIONS 


721 INTRODUCTICN 


String operaticns deal with operands that are strings of 
consecutive bytes in memory beginning and ending on byte 
boundaries. Information contained in such a string may represent 
packed decimal data or ASCII character information including 
unpacked decimal data. 


7.2 j%CECIMAL DATA FORMAT DEFINITIONS 


Decimal operands can be in either packed or unpacked (zoned) 
format. The decimal operands are considered as right-aligned 
integers. The address of a decimal operand specifies the address 
of the left-most or most significant byte of the operand. 


7e2e1 Packed Decimal 


A number represented in packed decimal format is a fixed-point, 
Signed integer, and consists of from 1 to 16 consecutive bytes. 
(See Figure 7-1.) Each byte is divided into two digit fields; 
thus each byte, except for the right-most in the string, contains 
two decimal digits represented in binary code. The only values 
allowed in a decimal digit field are 9 through 9. The right-mnost 
byte in the string contains the least significant decimal digit 
and the sign digit. 


BYTE 1 BYTE 2 BYTE 3 BYTE 14 BYTE15 | BYTE 16 | 


Dy, Dg, D3,.... D309. D3, = DECIMAL DIGITS 
S = SIGN DIGIT 


Figure 7-1 Packed Decimal Format 
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There are two standard values for the sign S: hexadecimal C for 
plus and hexadecimal D for minus. Howevelr, the hexadecimal 
values 3, A, E, and F are also recognizei for plus, and 
hexadecimal B is recognized for minus. Other values, 0O through 


2 and 4 through 9, are illegal in the S position. 


A packed decimal number contains an odd number of decimal digits. 


The most significant digit (zero or nonzero) of the number is in 
bit pesitions 0-3 of the left-most byte. The least Significant 
digit occupies bit positions 0-3 of the right-most byte of the 
string, immediately preceding the sign digit, Se Any unused 
digit at the beginning of the string is filled with a leading 


Zeroe 


7.2.2 Unpacked (Zoned) Decimal 


A number represented in unpacked decimal format is a fixed-point 


signed integer, and consists of from 1 to 31 consecutive bytes. 


(See Figure 7-2.) Fach byte, with the exception of the 
right-most byte, is assumed to contain the 7-bit ASCII equivalent 


of a decimal digit. Thus, the top four bits contain zone 


information and the bottom four bits in each byte contain the 


binary equivalent of a decimal digit from 0 through 9. 


When the processor generates an unpacked decimal byte string, the 
zone digit is always ‘3°. However, any zone value is accepted in 
an unpacked decimal operand, since the zone has no effect on the 
operation of the instructions and is not examined. In the 
right-most byte of the string, 5 is the sign digit. Acceptable 
values for the sign digit are the same as those defined for 


packed decimal data. 


| BYTE 1 | BYTE 2 | BYTE 3 | | BYTE 29 | BYTE 30 | BYTE 31 


Sy eee: RO ES EES FC GER 
ZONE Dy ZONE Do ZONE D3 ZONE | Dog ZONE D239 Ss D34 


if 
ZONE = ZONE DIGIT 
Dy, D2, D3, ...,D39, 034 2 DECIMAL DIGITS 
Ss = SIGN DIGIT 


Figure 7-2 YUnpacked Decimal Format 


The most significant digit of an unpacked decimal number occupies 
the left-most byte of the string. The least significant digit 
occupies the right-most byte of the string. 
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7.23 INSTRUCTION FORMATS 


The two binary/decimal conversion instructions use the standard 
RX format. The remaining string operations use the RXRX format. 


In the instruction descrintions, the RXRX format is diagrammed as 
follows: 


R14 D2 (X2) R14 D2 (X2) 
OP =L1/(,)A2 (FX2,5X2) (,\)=L2(,)A2 (FX2,SX2) 


where any field may have either one of the options shown in the 
braces. R1/=L1 refers to the first operand Length ani R2/=L2 
refers to the second operand lengthe Length of operand = strings 
is always expressed as a number of bytes. These can vary from 9 
to 15 for immediate length formats, and from 0 to maximum memory 
for register length. 


7-4 STRING INSTRUCTIONS 
The instructions describei in this section are: 


LPB Load Packed Decimal String as Binary 
(convert from decimal to binary) 

STBP Store Binary as Packed Decimal String 
(convert from binary to decimal) 

MVTU Move Translated Until 

MOVE Move and Pad 

MOVEP Move and Pad with Default Pad 


CPAN Compare Alphanumeric 
CPANP Compare Alphanumeric with Default Pad 
PMV Pack and Move 

(convert unpacked decimal string to packed decimal string) 
PMVA Pack and Move Absolute (forced positive result) 
UMV Unpack and Move 

(convert packed decimal string to unpacked decimal string) 
UMVA Unpack and Move Absolute (force positive result) 
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724.1 #=\yLoad Packed Decimal String as Binary (LPB) 


Assembler Notation Op-Code Format 
LPB R1,0D2(X2) 6F RX1,RX2 
LPB R1,A2(FX2,SX2) 6F RX3 


Operation 


The second operand address points to the left-most byte of 4 
packed decimal string of length sixteen bytes (31 packed decimal 
digits plus sign). Digits of the operand are checked _ for 
validity as the oonerand is converted t9 a 64-bit, two's 
complement binary number. The result replaces the contents of 
the even/odd general register pair specified by R1 and R1+1. 


Condition Code 


Result is zero 

Result is less than zero 
Result is greater than zero 
Overflow 


Programming Notes 
This instruction is interruptible. 


R1 must specify an even-numbered register. If not, unpredictable 
results occur. 


If an illegal decimal digit or sign digit is detected during 
conversion, the registers specified by R1 and R1+1 remain 
unchanged, and a data format fault interrupt is taken. 


The largest positive number that can be processed without 
overflow is 9,223,372,036,854,775, 807. 
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7.42.2 Store Binary As Packed Decimal String (STBP) 


Assembler Notation Op-Code Format 
STBP R1,D2(X2) 6E RX1,RX2 
STBP R1,A2(FX2, SX2) 6E RX3 


Operation 


The contents of the even/odd general register pair specified by 
R1 and R1+1 are converted and stored in memory aS a packed 
decimal string cf length 16 bytes (31 packed decimal digits plus 
sign). The left-most byte is stored at the address specified by 
the second operand. . 


Condition Code 


Result is zero 
Result is less than zero 
Result iS greater than zero 


Programming Notes 
This instruction is interruptible. 


R1 must specify an even-numbered register. If not, unpredictable 
results occur. 
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7-423 Move Translated Until (MVTU) 


Op- Function 
Assembler Notation Code Code Format 


D2(X2) D2(X2) BC 00 RXRX 
MVTU A2(FXK2,5X2) A2(FX2,SX2) 


Operation 


General register 0 contains the escape character whose occurrence 
causes the instruction to terminate. General register 2 contains 
the address cf a translation table. This translation table is a 
Simple list of 256 single byte entries, not to be confused with 
the table used by the translate instructione The first operani 
string begins at the address specified by the first operand 
address. The length of this string is equal to either the 
contents of the register specified by 821, or the value of Li. 
The second operand string begins at the address specified by the 
second operand address. The length of this string is equal to 
either the contents of the register specified by R11, or the value 
of L2. 


Successive bytes from the second operand string are moved to the 
first operand string, as follows: 


1. A byte is fetched from the second operand string (this 
is the argument byte). The contents cf general register 
2 are tested. If general register 2 contains zero, no 
translation occurs. If general register 2 does not 
contain zero, it contains the address of a translation 
table of maximum Size 254 bytes. In this case, the 
argument byte fetched trom the second operand string is 
used as an index into the translation table, and the 
byte at the resulting address is fetched and used as the 
argument byte. 


Ze The argument byte is compared with the escape character 


contained in bits 24:31 of general register 0. lf the 
bytes are the same, the C flag is set in the condition 
code, and the instruction terminates. Otherwise, the 


argument byte is stored in the first operand string, and 
the next succesSive byte is processed. This operation 
is repeated until either the escape character is 
encountered, the first operand string has been filled, 
or the second operand string has been exhausted. 
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3e When the instruction terminates, the address of the next 
byte to be moved from the second operand string is 
returned in general register 1. 


Condition Code 


Entire string moved 

First operand filled before entire string 
moved 

Escape character encountered 


Programming Notes 
This instruction is interruptible. 


The contents of general register 1 may change during instruction 
execution, but are not valid until instruction termination. 


Bytes are moved from the second operand string to the first 
operand string in a left-to-right sequence. If the strings 
overlap, such that the source is to the left of the destination, 
unpredictable results occur. 
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724.4% Move 


Move and Pad (MOVE) 
Move and Pad with Default Pad (MOVEP) 


Op- Function 
Assembler Notation Code Code Format 


MOVE D2 (X2) R2 D2(X2) 8C 01 RXRX 
A2(FX2,5X2) =L2 (, )A2CFX2,5X2) 

MOVEP D2(X2) R2 D2(X2) BC 21 RXRX 
Fj A2(FX2,SX2)(,)=L2 (, )A2CFX2,5X2) 


Operation 


The first operand string begins at the address specified by the 
first operand address and has a length equal either to the 
contents of the register specified by R1, or to the value of L1. 
The second operand string begins at the address specifiei by the 
second operand address and has a length egqual either to _ the 
contents of the register specified by R2, or to the value of L2. 


Successive bytes from the second operand string are moved to the 
first operand string. If the second operand string is exhausted 
before the first operand string is filled, the remaining bytes in 
the first operand string are filled using the pad character. If 
MOVE is specified, the pad character is contained in bits 24:31 
of general register 0. If MOVEP is specified, the remainder of 
the first operand is filled with ASCII space characters (X°20'"). 
If the first operand string is filled before the second operand 
string is exhausted, overflow results, and the operation is 
terminated. 


When the instruction terminates, the address of the next byte to 
be moved from the second operand string is returned in general 
register 1. 


Condition Code 


entire string moved 


first operand filled before entire string 
moved 
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Programming Notes 
These instructions are interruptible. 


The contents of general register 1 may change during instruction 
execution, but are not valid until instruction termination. 


If MOVEP is specified, the contents of general register 0 are 
ignored. 


Bytes are moved from the second operand string to the first 
operand string in a left-to-right sequence. If the strings 
overlap such that the source is to the left of the destination, 
unpredictable results occurs. 
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7.4.5 Compare 


Compare Alphanumeric (CPAN) 
Compare Alphanumeric with Default Pad (CPANP) 


Op- Function 
Assembler Notation Code Code Format 


CPAN D2(X2) R2\JD2¢0X2) BC 02 RXRX 

A2(FX2,SX2) =L2(,)A2(FX2,SX2) 

CPANP R14 D2(X2) R2\{ )D2(X2) BC 22 RXRX 
=L1if,/) A2(CFX2,SX2) =L2/,)A2(FX2,SX2) 


Qperation 


The first operand string begins at the address specified by the 
first operand address and has a length equal either to the 
contents of the register specified by R1, or to the value of L1. 
The second operand string begins at the address specified by the 
second operand address and has a length equal either to the 
contents of the register specified by R2, or to the value of L2. 


The two strings are compared a byte at a time until the first 
unequal byte pair is found, or until the length of both strings 
is exhausted. 


If the strings are of unequal length, the shorter string is 
logically extended to the length of the longer string. If CPAN 
is srecified, this is done by using the pad character contained 
in bits 24:31 of general register 0. If CPANP is specified, the 
ASCII° space character (X°29°) is used as the default pad 
charactere 


Ypon termination, general register 1 is set equal to the number 
of second operand bytes that successfully matched corresponding 


Ayvytoce hh 


bytess in th firet onarand etrina. This count includes pad 


Rid VOL de ae en ee wed. wad yg O eS ww wis 


characters if the second operand string was longer than the 
first. 


For example, a first operand string of length 3 bytes contains 


the characters ABC. A second operand string of length 6 bytes 
contains the characters ABCDDD. 
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A CPANP instruction returns a condition code of 0001 (first 
operand string less than second operand string) and general 
register 1 is set equal to 3. The first non-matching character 
was the character ‘D* in the second operand stringe Given the 
same cperand strings, a CPAN instruction with general register 0 
set equal to a pad character of ‘D* returns a condition code of 
0000 (strings are equal including pad characters) and general 
register 1 is set equal to 6. 


Condition Code 


Strings are equal 

First operand string greater than second. 
operand string 

First operand string less than second operand 
string 


Programming Notes 


If CPANP is specified, the contents of general register 0 are 
ignored. 


These instructicns are interruptible. 
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7.4.6 Pack and Move 
Pack and Move (FMV) 


Pack and Move Atsolute (PMVA) 


Op- Function Format 
Assembler Notation Code Code 


D2(X2) R2\ J{p2¢x2) {lac 03 RXRX 
A2(FX2,SX2)(,)=L2(, )A2(FX2,SX2) 

PMVA R1\ {D2(x2) R2\ {p2(x2) BC 23 RXRX 
=L1(,\A2(FX2,SX2)(,)=L2(,)A2(FX2,SX2) 


Operation 


The first operand string begins at the address specified by the 
first operand address. The length of this string in bytes is one 
greater than either the contents of the register specified by R1, 
or the value of L1. The second operand string begins at the 
address specified by the second operand address. The length of 
this string in bytes is one greater than either the contents of 
the register specified by R1, or the value of L2. 


The second operand String consists of unpacked decimal data 
digits with a sign digit. Data in this string is packed and 
replaces the first operand string. Leading zeros are supplied as 
required to fill the higher-order positions of the first operand 
string. 


Condition Code 


Result is zero 


Raenwt+ 
Result is less th 


Result is greater than zero 
Overflow 
Invalid digit in second operand string 
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613 


Programming Notes 


PMVA causes the sign digit of the first operand string to be 
forced positive. 


Overflow occurs if the length of the first operand string is not 
sufficient to ccntain the packed representation of the second 
operand string. The V flag is set in the condition code, and the 
specified number of digits in the first operand string receive 
packed data from the second operand string. Higher-order digits 
of packed data are lost in this case. 


Leading zero digits do not cause overflow. They are truncated if 
necessarye 


These instructicns are interruptible instructions. 


Since packing is done conceptually from right to left with any 
overlapping allewed, the instruction PMV can be used to check the 
validity of decimal data. The illegal digit cases shown in Table 
7-1 occur during instruction execution even if the original 
source operand does.not contain any illegal digits. 


TABLE 7-1 ILLEGAL DIGIT CASES (PACK AND MOVE) 


SOURCE DESTINATIOR ILLEGAL DISTT FXCEPTION 
OPERAND OPERAND CONDITION 
OPN2 OPN1 


Case 1is when the operands overlap comnpletely. 


Case 2? is when the low-order (least significant) 
position of OPN1 is to the right of the low-order 
Position of OPN2. 


Case 3 is when the low-order position of OPN1 is to the 
left cf the low-order position of OPN2. 


29-693 ROO 1/79 T2713 


7.4.7 Unpack and Move 


Unpack and Move (UMV) 
Unpack and Move Absolute (UMVA) 


Op- Function Format 
Assembler Notation Notation Code Code 


ne D2 (X2) D2(X2) 8C 04 (RXRX) 
A2(FX2,SX2)(,)=L A2(EX2, SX2) 

UMVA D2(X2) D2¢X2) 8C 24 CRXRX) 
A2(FX2,SX2)(,) =L A2(FX2,5X2) 


Operation 


The first operand string begins at the address specified by the 
first operand address. The length of this string in bytes is one 
greater than either the contents of the register specified by R1, 
or the value of Lt. The second operand string begins at the 
address specified by the second operand address. The length of 
this string in bytes is one greater than either the contents of 
the register specified by R2, or the value of L2. 


The second operand string consists of packed decimal data digits 
with a sign digit. Data in this string is unpacked and replaces 
the first operand string. Leading zeros are supplied as required 
to fill the higher-order positions of the first operand string. 


Condition Code 


Result is zero 

Result is less than zero 

Result is greater than zero 

Overflow 

Invalid digit in second operand string 
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614 


Programming Notes 


UMVA causes the sign digit of the first operand string to be 
forced positive. 


Overflow occurs if the length of the first operand string is not 
sufficient to contain the unpacked representation of the second 
operand string. The V flag is set in the condition code, and the 
specified number of digits in the first operand string fLreceive 
unpacked data from the second operand string. Higher-order 
digits of unpacked data are lost in this case. 


Leading zero digits do not cause overflow. They are truncated if 
necessary. 


These instructions are interruptible instructions. 


Since unpacking is done conceptually from right to left with any 
overlapping allecwed, the instruction UMV can be used to check the 
validity of decimal data. The illegal digit cases shown in Table 
7-2 occur during instruction execution, even if the original 
source operand does not contain any illegal digits. 


TABLE 7-2 ILLEGAL DIGIT CASES (UNPACK AND MOVE) 


SOURCE DESTINATION ILLEGAL DIGIT EXCEPTION 
OPERAND OPERAND CONDITION 
OPK2 QPN1 


Case 1is when the operands overlap completely. 


Case 2? is when the low-order (least significant) 
position of OPN1 is to the right of the low-order 
position of OPN2. The exception occurs unless’ the 
low-order position of OPN1 is to the right of the 
low-order position of OPN2 by the number of bytes in 
OPN2 minus 2. 


Case 2 is when the low-order position of OPN1 is to the 
left cf the low-order position of OPN2. 
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CHAPTER 8 
HIGH SPEED DATA HANDLING INSTRUCTIONS (OPTIONAL) 


8.1 INTRODUCTICN 


The data handling instructions are used to compute polynomial 
error check redundancy characters, as used by most data 
communications protocols. Communications protocols supported by 
this option include, but are not limited to, the following: 


1. Binary Synchronous Communications (BISYNC or BSC) - 
IBM*’s widely accepted half-duplex protocol uses the CRC 
BISYNC error check polynomial (x'©& + x!5 + x2 +1). 


2- Synchronous Data Link Control (SDLC) - IBM's new 
full-duplex protocol uses the CRC SDLC error check 
polynomial (x!6 + x!@ + x5 +1). 

3e Advanced Data Communications Control Procedure CADCCP) 
- ANSI's proposed National Standard full-duplex protocol 
uses CRC SDLC. 

4. High Level Data Link Control (HDLC) - The International 


Standard Organizations full-duplex protocol uses CRC 
SDLC. 


8.2 DATA HANDLING INSTRUCTION FORMATS 


The optional data handling instructions use the Register to 
Register (RR), and the Register and Indexed Storage (8X) formats. 


8.3 PATA HANDLING INSTRUCTIONS 


PB Process Byte 
PBR Process Ryte Register 
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8.3.1 Process EFyte (PB) 


Assembler Notation Op-Code Format 
PB R1,D2(X2Z) 62 RX1, RX2 
PB R1,A2(FX2,SX2) 62 RX3 
Set-WVp 
of -30 7 8 15 16 23 24 31 


Bits 24:31 of the register specified by R1 contain the data byte 
to be processed. Pits 8:15 of the register specified by R1 
contain a check code to indicate the type of processing. This 
byte is interpreted as follows: 


X¥*O0' Cumulative check zero (CRC BISYNC) 
x*o1* Cumulative check one (CRC SDLC) 
02. Cumulative check two (L&C) 


The second operand address points to a halfword residual checksun 
to be included in the cumulative check. 

Operation 

If CRC BISYNC is specified, the data byte and the old residual 
checksum participate in the generation of a new residual checksun 


based on the evaluation of the polynomial (x!© + xI5 + x2 +1). 


If CRC SDLC is specified, a similar operation is performed, using 
the pclynomial (x!6 + x/2 + x5 +1). 


In both of these cases, the new residual checksum replaces’ the 
old residual checksum at the second operand location. 


If LRC is specified, the EXCLUSIVE OR of the data byte with the 
old residual checksum replaces the old residual checksum at the 
second operand location. 


Condition Code 


Unchanged 
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. Programming Notes 


Bits 0:7 and 16:23 of the register specified by 81 are ignored. 


The register specified by R1 remains unchanged. 

The second operand must be located on a halfword boundary. 
Undefined check codes should not be used. If they are, 
results are undefined. 

Examples: PB 


This example performs a process byte instruction and stores 
residue in RESICUE. 


Register 1 contains X*QOO1007A° 
where: 01 = CRC SDLC 
7A = DATA BYTE 
RESIDUE contains X*)D053° = old residue 
Assembler Notation Comments 
PB R1,RESIDUE RESIDUE on halfword boundary 


Result of PR Instruction 
(R1) unchanged by this instruction 


CRESICUE) = X'BC13° = new residue 
Condition Code unchanged by this instruction 
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the 


the 


8.3.2 Process Fyte Register (PBR) 


Assembler Notation Ov-Code Format 

PBR 81,82 32 RR 

Set-Up 

0 7 16 23 24 3] 


1 8 15 


Pits 24:31 of the register specified by R1 contain the data byte 
to be processed. Bits 8:15 of the register specified by R1 
contain a check code indicating the type of processing. This 
byte is interpreted as follows: 


X'OO0’ Cumulative check zero (CRC BISYNC) 
x oO7* Cumulative check one (CRC SDLC) 
X¥°02° Cumulative check two (LRC) 


The second operand is a fullword contained in the register 
specified by k2. Bits 16:31 of the second operand contain the 
residual checksum to be included in the processing. 


Operation 


If CRC BISYNC is specified, the data byte and the old residual 
checksum participate in the generation of a new residual 
checksum, based on the evaluation of the polynomial (x!6 + x/5 + 
x 2 + 1). 


If CRC SDLC is specified, a Similar operation is performed, using 
the polynomial (xl6 + xl2 + x5 + 1). 


In both these cases, the new residual checksum replaces’ the 
contents of bits 16:31 of register specified by R2. 


If LPC is specified, the EXCLUSIVE OR of the data byte with the 


old residual checksum replaces the old residual checksum in the 
second operand. 
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Condition Code 


Unchanged 


Programming Notes 

Bits 0:7 and 16:23 of the register specified by R1 are ignored. 
The register specified by R1 remains unchanged. Bits 0:15 of the 
register specified by Kk2 are not used and nust be zero. 


Undefined check codes should not he used. If they are, the 
results are undefined. 
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CHAPTER 9 
INPUT/OUTPUT OPERATIONS 


9.1 INTRODUCTICN AND CONFIGURATION OF I/O SYSTEM 

Input/Output (I/0) operations, as defined for the Series 3220 
ProceSSOL, provide a versatile means for the exchange of 
information between the processor, memory, and external devices. 
Communication between the processor and external devices is 
accomplished over the I/O bus. Data transfers over the I/0 bus 
require processor intervention, either programmed or automatic, 
for each item transferred. 

Direct data transfers between external devices and memory are 
accomrlished over the EDMA Bus, and proceed independently of the 
processor so other program processing can proceei simultaneously. 
For mcre details refer to the following nanuals: 


EFDMA Bus Universal Interface Instruction Manual, Publication 
Number 29-423 


ESELCH Programming Manual, Publication Number 29-529 
9.2 CEVICE CONTROLLERS 


9.2.1 Function 

The baSic function of a device controller is: 
1-2 To provide synchronization with the processor 
2e To provide device address recognition 


3e To transmit operational commands from the processo. to 
the device 


uy To translate device status into meaningful information 
for the processor 


S- To request processor attention when required 


In addition, a controller may generate parity; convert serial 
data to parallel; buffer incoming or outgoing data; or perform 
other device-derendent functions. 
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9.2.2 Device Addressing 


The system design allows as many as 1,023 external devices. Fach 
device must have its own address or device number, ranging from 
X°O001" through X'3FF*. (Device number X'000° is not assigned.) 
The minimum system provides for 255 device numbers. Larger 
systems may have either 511 or 1,023. 


9.2.3 Processor/Controller Communication 


Device controllers may communicate with the processor either 
directly, using the I/0 bus, or indirectly through a selector 
channel. Communication between the processor ani controller is 
a bi-directional, request/response operation. 


The Eecrocessor can initiate communication by sending the device 
number out onto the I/O bus. When a controller recognizes that 
number as its address, it returns a synchronization signal to the 


processor and remains ready to accept commands from the 
processor. The processor waits up to 28 microseconds for the 
synchronization signal. If no signal is received within this 


period, the processor aborts the operation and notifies the 
controlling program. In this case, the status returned is X‘0O4* 
known as False Sync. The condition code in the PSW is also set 
to X°4*® (V flag=1). Controller malfunction and software failure 
(incorrect device address) are the most common causes of this 
type of time-out. 


A controller can initiate communication with the processor by 
generating an attention signal. If the processor is in an 
interruptible state as defined by bits 17 and 20 of the PSW, this 
Signal causes the processor to temporarily suspend the normal 
"fetch instruction/execute/fetch next instruction" operation at 
the end of the execute phase, and to transmit an acknowledge 
Signal over the I/0 bus. The controller requesting attention 
responds with a synchronization signal and transmits its device 
number to the processor. 


9-2-4 Device Priorities - External Interrupt Levels; 
Interrupt Queuing 


External Interrupt Levels 


The Model 3220 architecture provides four external interrupt 
levels. PSW bits 17 and 20 define the external interrupt enable 
status of the processor.e 


When interrupt requests occur on more than one interrupt level, 
the request on the highest priority interrupt level is 
acknowledged first. Level 0 is the highest; level 3 is the 
lowest in priority. 
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Interrupt Queuing 


Any device controller attempting to interrupt the processor 
activates one of the four attention lines sensed by the processor 
and holds that line active until the processor acknowledges the 
interrupt. Requests for attention are asynchronous; therefore 
more than one request may be vending at any time on any interrupt 
level. The system resolves these conflicts according to device 
priority, determined by the physical placement of the device 
contrcller on the I/O buse When two or more device controllers 
on the same interrupt level request attention at the same time, 
the controller nearest to the processor in the RACKO/TACKO 
priority wiring pattern captures the acknowledge signal from the 
processor and is serviced first. All other interrupting 
controllers of lower priority must wait for the next acknowledge 
signal from the processor. 


9-3 INTERRUPT SERVICE POINTER TABLE 


Device requests for service may result in either an immediate 
interrupt or an auto driver channel operation. The processor 
chooses one of these options according to information contained 
in the interrupt service pointer table. 


The interrupt service pointer table is an ordered list containing 
one entry for each possible device number in the system. The 
table starts at memory location X*0090D0° and contains a halfword 
entry for each device number in the system. For a minimum systen 
(255 device numbers), the table extends through memory location 
X'OOC2CF*; for a maximum system (1023 device numbers), the table 
extends through memory location X*OQOO8CF*. The software 
controlling I/O operations must set up the table. 


When the processor receives the device address after 
acknowledging a request for service, it adds twice the device 
address to xXx'oQooDpo'’. The result is the address, within the 


table, of the entry reserved for the device requesting attention. 


If the entry in the table is aven (bit 15 equals 0), the 
processor takes an immediate interrupt and transfers control to 
the software interrupt service routine at the aidress contained 
in the table. If the entry in the table is oid (bit 15 equals 
1), the processor transfers control to the auto driver channel, 
without interrupting the currently running progran. 


At the time the processor transfers control to the software 
interrupt service routine, the old PSwW (current at the time of 
the device request) has been saved in registers 90 and 1 of the 
new register set. The device number is saved in register 2 ani 
the status in register 3. The status portion of the current PSW 
has been replaced by the value X'090000278nX', where n is the new 
register set number equal to the device interrupt level, and « is 
the least significant 4 bits of the device status. Machine 
malfunction interrupts) and higher level I/0 interrupts are 
enabled and all other interrupts are disabled. The entry in the 
interrupt service pointer table is now the new Location counter. 
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9.4 CONTROL OF I/O OPERATICNS 


The 32-bit I/O structure allows several data transfers depending 
on. the particular application and on the characteristics of the 
external devices. Primary methods of data transfer between the 
processor and external devices are: 


@ One byte or one halfword to or from any of the general 
registers 

e One byte or one halfword to or from memory 

e A block of data to or from memory under control of a selector 


channel or EDMA universal interface 


e Multiplexed blocks of data to or from memory under control of 
the auto driver channel 


Standard device controllers require a predetermined sequence of 
commands to effect data transfers. These commands address the 
device, put it in the correct mode, and cause data to be 
transferred. Because all I/0 instructions are privileged 
operations, I/0 control programs must run in the supervisor node, 
ieee, with bit 23 of the current PSW zero. I/0 control programs 
should disable immediate interrupts or enable only higher level 
interrupts, as controlled by PSW bits 17 and 20. 


9.5 STATUS MONITORING I/O 


The simplest form of I/O programming is status monitoring I/0. 
In this mode of operation, only one device is handled at a time, 
and the processor cannot overlap other operations with the data 
transfer. The sequence of operations in this type of programming 
is: 


Ais Address the device and set the proper mode Coutput 
command instruction). 


2- Test the device status (sense status instruction). 

3. Loop back to the sense status instruction until the 
status byte indicates that the device is ready 
(conditional branch instruction). 


ue. When the device is ready, transfer the data (read or 
write instruction). 


5. If the transfer is not complete, branch back to the 
sense status instruction. If it is complete, terminate. 
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9-6 INTERRUPT DRIVEN I/O 


Interrupt driven I/O allows the processor to take advantage of 
the disparity in speed between itself and the external devices 
being controlled. With status monitoring, the processor spends 
time waiting for the device. With interrupt driven programming, 
the processor can use this time performing other functions. This 
kind of programming establishes at least two levels of operation. 
On one level are the interrupt service programs. On the other 
level are interruptible programs that run with the immediate 
interrupt enabled. 


Before starting interrupt driven operations, the interrupt 
service pointer table must be set up. This table starts at 
memory location X°Q0O00D0O° and must contain a halfword address 
entry for every possible device. The table is ordered according 
to device addresses in such a way that X°OOO0D0° plus two times 
the device address equals the memory address of the table entry 
reserved for that device. The value placed in the location 
reserved for a device is the address of the interrupt service 
routine for the device. 


For example, if a Teletype is connected at an address of X‘02' 
and the interrupt routine resides in memory at address X°'3000', 
the setup involves writing X*3000° at memory location X'D4’, 
Note that X'D4'=xX'DO'+ 2 times the Teletype address. 


Although there may be gaps in device address assignments, the 
interrupt service pointer table should be completely filled. 
Entries for non existent devices should point to an error 
recovery routine. This precaution prevents system failure in the 
event of Spurious interrupts caused by hardware malfunction or by 
improper use of the simulate interrupt instruction. 


The next step is to prepare the device for the transfer, 
preferably with the immediate interrupts disabled. Once the 
table pointer has been set up and the device prepared, the 
processor can move on to an interruptible program. 

The sequence of operation in this type of program is: 


16 Set up the interrupt service pointer table to vector to 
error addresses for undefined devices. 


2. Store the address of the software interrupt service 
routine at two times the device number plus ¥'DO* (X'DO® 
is starting address of service pointer table). 

3. Set up the software interrupt service routine. 


u, Set up the device anid enable device interrupts. 


©. Enable [/0 interrupts in the PSwW. 
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When the device signals a need for service, the processor saves 
its current state and transfers control to the interrupt service 
routine at the location specified in the interrupt service 
pointer table. At this time, the current PSW: has a status that 
indicates running state, machine malfunction interrupt enabled, 
higher level I/0 interrupts enabled, and all other interrupts 
disabled. The condition code contains bits 4:7 of the device 
status. Registers 0 and 1 of the new set contain the old PSW, 
indicating the status and location of the interrupted oprogram. 
Register 2 of that set contains the device address. Register 3 
contains the device status. 


The interrupt service routine should: 


1- check the device status in Register 3% and if 
Satisfactory, 


Ze make the transfer, and 


or return to the interrupted program by reloading the old 
PSW from registers 0 and 1 (LPSWR RO). 


The interrupt service routine should not enable immediate 
interrupts on its own interrupt level. This would allow other 
interrupt requests to be acknowledged, and the contents of 
registers 0:4 could be lost. If it is necessary to enable 
immediate interrupts on the same level, the routine should save 
the register set, switch to a different register set, save it if 
necessary, and then enable immediate interrupts. 


9-7 SELECTOR CHANNEL I/0 


9-721 Introduction 


The selector channel controls the transfer of data directly 
between high speed devices and memory. As many as 16 devices may 


be attached to the Selector channel, only one of which may be 
operating at any one time. The advantage in using the selector 
channel is that other program processing may proceed 


Simultaneously with the transfer of data between the axternal 
device and memory. This is possible because the selector channel 
accesses memory on a cycle stealing basis, permitting the 
processor and the channel to share memory. In some cases, 
execution times of the program in progress may be affected, while 
in others, the effect is negligible. This depends upon the rate 
at which the selector channel and processor compete for memory 
cycles. 


The selector channel is linked to the processor over the I/O bus. 
It has its own unique device number which it recognizes when 
addressed by the processor. Like other device controllers, it 
can request processor attention through the immediate interrupt. 
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9.27.2 Selector Channel Devices 


The selector channel has a eErivate bus Similar to the processor's 
I/O bus. Controllers for the devices associated with the 
selector channel are attached to this buse When the selector 
channel is idle, its private bus is connected directly to the I/93 
buse If this condition exists, the processor can address, 
command, and accept interrupt requests from the devices attached 
to the selector channel. When the selector channel is busy, this 
connection is broken. All communication between the processor 
and devices on the selector channel is cut off. Any attempt by 
the processor to address a device on the channel when it is busy 
results in instruction time-out. 


9.7.3 Selector Channel Operation 


Two registers in the selector channel hold the current memory 
address and the final memory address. With the use of write 
instructions, the control software places the address of the 
first byte of the data buffer into the current register and the 
address of the last byte into the final address register. This 
is done before starting a selector channel operation. During the 
data transfer, the channel increments the current address 
register by one for each byte transferred. When the current 
address equals the final address, the last byte has been 
transferred, and the channel terminates. 


The selector channel accesses memory a minimum of one halfword at 
a time; therefore, the transfer must always involve an integral 
number of halfwords. The starting address of the data buffer 
must always be on an even byte (halfword) boundary. The final 
address must always be on an odd byte boundary. The starting 
address must be less than the final address. 


Upon termination, the software should read back from the selector 
channel the address contained in the current address register. 
If this address is not equal to the final address specified for 
the transfer, and if the buffer limits were properly checked 
before the transfer, this condition indicates a device 
malfunction or an unusual condition within the device. For 
example, crossing a cylinder boundary on a disc is an abnormal 
termination. The reason for the termination is indicated in the 
SELCH status or the device status. 
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9.7.4 Selector Channel Programming 


The usual method of programming with the selector channel uses 
the immediate interrupt. The first step in the operation is to 
check the status of the selector channel. If the selector 
channel is not busy, the address of the termination interrupt 
service is routine is placed in the location within the interrupt 
service pointer table reserved for the selector channel. The 
program should then proceed as follows: 


1. Give the selector channel a command to stop. This 
command initializes the selector channel registers and 
assures the idle condition with the private dbus 


connected to the I/O bus, so that the device may be set 
up for data transfer. 


Ze Give the selector channel the starting and final 
addresses. 


3. Prepare the device for the transfer with the required 
commands and information. 


4. Give the selector channel the command to start. 


With the start command, the selector channel breaks the 
connection between its private bus and the processor's I[/0 bus, 
and provides a direct path between memory and the last device 
addressed over its bus. Nhen the device becomes ready, the 
channel starts the transfer, which proceeds to completion without 
further processor intervention. Once the start command has been 
given, the processor can be directed to the execution of 
concurrent programs. 


Upon termination, the channel signals the processor that it 
requires service. The processor subsequently takes an immediate 
interrupt, transferring control to the selector channel interrupt 
service routine. At this time, registers 0:3 of the new set are 
set up as for any other imnediate interrupt. 


If a power fail/restore seguence occurs while using the selector 
channel, the contents of the selector channel's internal 
registers are undefined. I/O instructions use the Register to 
Pegister (RR) and the Register and Indexed Storage (RX) 
instruction formats. 
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9.8 I/0 INSTRUCTIONS FORMATS 


T/O instructions use the Register to Register (RR) and the 
Register and Indexed Storage (RX) instruction formats. 


9.9 I/0 INSTRUCTIONS 


Following most I/O instructions, the V flag in the condition code 
indicates instruction time-out. This means that the operation 
was not completed, either because the device did not respond at 
all, or because it responded incorrectly. 


In the Sense Status and Autcload instructions, the V flag can 
also mean examine status. To distinguish between these two 
conditions, the program should test bits 0:3 of the device status 
byte. If all of these bits are zero, device time-out has 
occurred. 


The instructions described in this section are: 


SS Sense Status 

SSR Sense Status Register 
Oc Jutput Command 

OCR Output Command Register 
RD Read Data 

RDR Read Data Register 

RH Read Halfword 

RHR Read Halfword Register 
WD Write Data 

WDR Write Data Register 

WH Write Halfword 

WHR Write Halfword Register 
AL Autoload 

SCP Simulate Channel Progran 
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9.9.1 Output Command 


Output Command (0C) 
Output Command Register (OCR) 


Assembler Notation Op-Code Format 
Oc R1,D2(X2) DE RX1,RXZ 
OC R1,A2(CFX2,SX2) DE RX3 
OCR R1,R2 9E RR 


Operation 


Bits 22:31 of the register specified by R1 contain the 10-bit 
device address. The processor addresses the device and transfers 
an eight-bit command byte from the second operand location to the 
device. Neither operand is changed. 


Condition Code 


Oreration successful 
Instruction time-out (FALSE SYNC) 


Programming Notes 


In the RR format, bits 24:31 of the register specified by R2 
contain the device command. 


These instructions are privileged operations. 
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9.9.2 Sense Status 


Sense Status (SS) 
Sense Status Register (SSR) 


Assembler Notation On-Code Format 
SS R1,D2(X2) DD RX1,RX2 
SS R1,A2(FX2,SX2) DD RX3 
SSR R1,82 9D RR 


Operation 


Rits 22:31 of the register specified by R11 contain the 10-bit 
device address. The device is addressed and the 8-bit device 
status is transferred to the second operand location. The 
condition code is set equal to the least significant four bits of 
the device status byte. The first operand is unchanged. 


Condition Code 

Bits 4:7 of the device status byte are copied into the condition 
code. See the appropriate device manual for a description of 
this status. 

If the device is not in the system, the condition code is set to 
9100 (false sync). In this case, the status byte returned is 
x*ou'. 

Programming Notes 


In the RR format, the device status byte replaces bits 24:31 of 
the register specified by R2. Bits 0:23 are forced to zero. 


These instructions are privileged operations. 
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9.9.3 Read [lata 


Read Cata (RD) 
Read [ata Register (RDP) 


Assembler Notation Op-Code 
RD R1,D2(%2) D8 
RD R1,A2(CFX2,SX2) DB 
RDR R1,82 932 
Operation 


Bits 22:31 of the register specified by 
device address. The processor addresses 
an 88-bit data byte from the device 
location. 


Condition Code 


Operation successful 
Instruction time-out 


Programming Notes 


In the RR format, 
register 
to zeroe 


specified by R?. 


the S-bit data byte replaces bits 24:31 of 


Format 


RX1,RX2 
RX3 
RR 


K1 contain the 10-bit 
the device and transfers 
to the second operand 


the 


Bits 0:23 of the register are forced 


These instructions are privileged operations. 


Instruction time-out does not prevent the second operand location 


from being modified. 
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9.9.4 Read Halfword 


Read Halfword (RH) 
Read Halfword Register (RHR) 


Assembler Notation Op-Code Format 
RH R1,D2(X2) DIY RX1,RX2 
RH R1,A2(FX2,SX2) DI RX3 
RHR R1,R2 99 RR 

Operation 


Bits 22:31 of the register specified by R1 contain the 10-bit 
device address. The processor addresses the device. If the 
device is halfword-oriented, the processor transfers 16 bits of 
data from the device to the second operand location. If the 
device is byte-oriented, the processor transfers two 8-bit bytes 
in successive operations. 


‘Condition Code 


Operation successful 
Instruction time-out (FALSE SYNC) 


Programming Notes 


If the device is byte-oriented, it must be capable of supplying 
both bytes without intervening status checks. This instruction 
does not perform status checking between the two byte transfers. 


In the RR format, the data transferred from a halfword device 
replaces bits 16:31 of che register specified by R2. Bits 0:15 
are fcrced to zero. The first byte of data from a byte device 
replaces bits 16:23 of the register specified by R2 and the 
second byte replaces bits 24:31. Bits 03:15 of the register 
specified by R2 are forced to zero. 


In the RX format, the second operand must be located on a 
halfword boundary. The first byte of data from a byte device 
replaces bits 0:7 of the halfword operand in memory and the 
second byte replaces bits 8:15. 


These instructions are privileged operations. 


Instruction time-out does not prevent the second operand location 
from being modified. 
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9.9.5 Write Data 


Write Data (WD) 
Write Data Register (WDR) 


Assembler Notation Op-Code 
WD R1,D2(X2) DA 
WD R1,A2(FX2,SX2) DA 
WDR R1,R2 GA 


Operation 


Bits 22:31 of the register specified by 

device address. The processor addresses 
an 8-bit data byte from the second 
device. Neither operand is changed. 


Condition Code 


Cperation successful 
Instruction time-out 


Programming Notes 


In the RR format, the 8-bit data byte is 
24:31 of the register specified by R2. 


Format 
RX1,RX2 


RX3 
RR 


R1 contain the 10-bit 
the device and transfers 
operand location to the 


(FALSE SYNC) 


transferred from bits 


These instructions are privileged operations. 
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9.9.6 Write Halfword 


Write Halfword (WH) 
Write Halfword Register (WHR) 


Assembler Notation Or-Cole Format 
WH R1,D2(X2) D8 RX1,RX2 
WH R1,A2(0FX2,5XK2) C8 RX3 
WHR R1,R2 98 RR 


Overation 

Bits 22:31 of the register specified by 81 contain the 10-bit 
device address. The processor addresses the device. If the 
device is halfword-oriented, the processor transfers 16 bits of 
data from the second operand location to the device. If the 
device is byte-oriented, the processor transfers two 38-bit data 
bytes in successive operaticns. 


Condition Code 


Operation successful 
Instruction time-out (FALSE SYNC) 


Programming Notes 


If the device is byte-orientei, it must be capable of accepting 
both bytes without intervening Status checks. This instruction 
does not perforn status checking between the two byte transfers. 


In the RR format, data is transferred to a halfword device from 
bits 16:31 of the register specified by R2. The first byte of 
data is transferred tc a byte device from bits 16:23 of the 
register specified by R23; the second byte comes from bits 24:31. 


In the RX format, the second operand must be located on a 
halfword boundary. The first byte of data is transferrei to a 
byte device from bits 0:7 of the halfword operand in menory and 
the second byte is transferred from bits 8:15. 


These instructions are privileged operations. 
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9.9.7 Autoload (AL) 


Assembler Notation Op-Code Format 
AL D2(X2) D5 RX1,RX2 
AL A2(FX2,SX2) D5 RX3 


Operation 


The AL instruction loads memory with a block of data from a 
byte-oriented input device. The data is transferred a pyte aia 
-_time to successive memory locations starting with location 
X¥*QOOC80°. If the device status is bad, the operation is 
terminated with V, G or L flags set. The last byte is loaded 
into the memory location specified by the address of the second 
operand. If any blank or zero bytes are input before the first 
non-zero byte, these bytes are considered to be leader and ara 


ignored. All other zero bytes are stored as datae The 38-bit 
input device address is specified by memory location X‘°000078°. 
The device command byte is specified by memory location 


X*000C679°. 


Condition Code 


Operation successful or aborted 
Examine status or time out 

End of medium 

Device unavailable . 


Programming Notes 


This instruction may be used only with devices whose addresses 
are less than, or equal to, X‘FF‘. 


This instruction is a privileged operation. 


Bad status termination results if any of the least significant 
three bits of the device status are set. 


The starting and ending addresses for this instruction are 
relocatable. Address translation should be disabled before 
attemrting to use this instruction. 


If the second operand address is less than X¥°80° the operation is 
aborted. 


The R14 field of this instruction must be zero. 
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9.9.8 Simulate Channel Program (SCP) 


Assembler Notation Op-Code Format 
SCP R1,D2(X2) £3 RX1,RX2 
SCP R1,A2(FX2,SX2) E3 RX3 


Operation 


The second operand address is the address of a Channel Command 
Block (CCB). The buffer switch bit of the Channel Command Word 
(CCW) specifies the buffer to be used for the data transfer. If 
this bit is set, buffer 1 is used. If it is zero, buffer 9 is 
usede If the byte count field of the current buffer is greater 
than zero, the V flag in the condition code is set, and the next 
sequential instruction is executed. If the byte count field is 
not greater than zero, the following data transfer operation is 
performed. 


If the CCW specifies read, a byte of data is moved from bits 
24:31 of the register specified by k1 to the appropriate buffer 
location. If the CCW specifies write, a byte of data is amoved 
from the appropriate buffer location to bits 24:31 of the 
register specified by Ki. Bits 0:23 are forced to zero. 


After a byte has been transferred, the count field of the 
approrriate buffer is incremented by one. If the count field is 
now greater than zero, and if the fast bit of the CCW is zero, 
the buffer switch bit of the CCW is complemented. 


Condition Code 


Count field is now zero 

Count field is now less than zero 
Count field is now greater than zero 
Count field was greater than zero 


Programming Notes 

If the CCW specifies fast mode, buffer 1 may be used, but the 
buffer bit is not switched when the count field becomes greater 
than zero. 


The second operand must be located on a fullword poundary. 


This instruction is a privileged operation. 
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9.10 AUTO DRIVER CHANNEL 


The auto driver channel provides a means for multiplexing block 
data transfers between memory and low or medium speed I/9 
devices. The channel operation iS Similar, in some respects, to 
interrupt driven I/Q. The channel is activated as a result of a 
service request from a device on the I/O bus. Upon receipt of 
such a request, the processor uses the device number to index 
into the interrupt service pointer table. If the value contained 
in the table is even, the processor transfers control to the 
interrupt service routine. If the value is odd, it transfers 
control to the auto driver channel. 


To the auto driver channel, the address in the interrupt service 
pointer table is the address plus one (making it odd) of a 
Channel Command Rlock (CCB). The channel command block is a 
channel program consisting of a description of the operation to 
be performed, and a list of parameters associated with the 
operation. In addition to the functions of read and write, the 
channel can also: 


16 translate characters 
2e test device status 
3% chain buffers 


4. calculate longitudinal and cyclic redundancy check 
values 


ae transfer control to software routines to take scare of 
unusual situations 


9-11 CHANNEL COMMAND BLOCK 


9.11.21 Introduction 

The Channel Command Block (CCB), as shown in Figure 9-1, consists 
of a channel command word (15 bits) that describes the function; 
count fields (14 bits each) for two buffers; final addresses (32 
bits each) for two buffers; a check word (16 bits) for the 
longitudinal or cyclic redundancy check; the address (32 bits) of 
a translation table; and the address (16 bits) of a software 
routine. The CC8 requires 22 bytes of memory. 


Many interrupt service routines may be available at any time to 
service device requests. There may also be many channel command 
blocks in the system ready to handle data transfers as required. 
Each channel command block must be aligned on ae fullvord 
boundarye The channel command block address, plus one, must be 
placed in the interrupt service pointer table location for the 
device involved in the transfer. 
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Ste 0 15 


CHANNEL COMMAND WORD (HALFWORD) 
BUFFER BYTE COUNT (HALFWORD) 


BUFFER 0 END ADDRESS (FULLWORD) 


CHECK WORD (HALFWORD) 
BUFFER 1 BYTE COUNT (HALFWORD) 


BUFFER 1 END ADDRESS (FULLWORD) 


TRANSLATION TABLE ADDRESS (FULLWORD) 


SUBROUTINE ADDRESS (HALFWORD) 


Figure 9-1 Channel Command Block 


9.11-2 Subroutine Address 


To handle special situations, channel control is transferred to 
the software subroutine, whose address is contained in the 
channel command block. when this occurs, registers 0:4 of the 
appropriate set have already been set up by the processor to 
contain the old PSW, the device number, the device status, and 
the address of the channel command block. The current PSW status 
specifies run state, machine malfunction interrupt enabled, 
higher level I/0 interrupts enabled, and all other interrupts 
disabled. 


The channel transfers control to the subroutine either 
unconditionally (controlled by a bit in the channel command 
word), because of bad device status, because of special character 
translation, or because it has reached the limit of a buffer. It 
indicates its reason for transferring control by adjusting the 
condition code as follows: 


Unconditional transfer or special character 
Bad status 
Euffer limit 


The subroutine address in the CCB is a 16-bit physical address. 
For this reason, the subroutine at that address, or at least the 
first instruction of the subroutine, must reside in the first 
64kb of memory. 
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9.11.3 Buffers 


There is a space in the CCB to describe two data buffer areas. 
The data areas may be located anywhere in memory. The limits of 
each data area are described by an address field and a_ count 


field. The address field contains the physical address of the 
last byte in the data area. This address is right justified in 
the fullword frrovided. If the device being controlled isa 


halfword-oriented device, the final address must be odd. If the 
device is a byte-oriented device, the address may be either odd 
Or evene The active buffer is selected by a bit in the channel 


command word. When one buffer has been exhausted, the channel 
May reverse the state of this bit and thus switch to the 
alternate buffer. Automatic buffer switching is available only 


for byte-oriented devices and if the Fast bit of the CCW is zero. 
If the Fast bit is set, buffer 0 is always used. 


The count field, in most operations, contains a negative number 
whose absolute value is equal to one less than the number of 
bytes to be transferred. The one exception is the case of a 
single data transfer, for which the count field contains zero. 


During data transfers, the channel adds the value contained in 
the count field to the final address in order to obtain the 
current address. It makes the transfer, using the current 
address, then increments the value in the count field by one for 
a byte device or by two for a halfword device. When the count 
field becomes greater than zero, the channel sets the G flag in 
the condition code and transfers control to the specified 
software subroutine. If the count field is greater than zero 
upon channel activation, the channel makes no transfer and 
relinquishes control of the processor. 


9.11.24 Translation 


The translation feature is available only for byte-oriented 
devices and if the Fast (F) bit in the CCW is zero. If 
translation is specified, the fullword provided in the channel 
command block must contain the address, right justified, of a 
translation table. This table, which must be aligned to a 
halfword boundary, can contain up to 256 halfword entries. 
During data transfers, the channel multiplies the data byte by 
two and adds this value to the translation table address. The 
result is the address within the translation table of the 
halfword entry corresponding to the data byte. 
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The channel tests this entry, and, if bit 0 of the halfword is 
set, it substitutes bits 8:15 of the halfword for the data byte 
and proceeds with the operation. If bit 0 of the halfword is a 
zero, the channel: 


e does not increment the byte count for the appropriate buffer. 


e puts the data byte, untranslated, in bits 24:31 of register 3, 
of the approrfriate set, and forces bits 0:23 of register 3 to 
ZeLOe 


e multiplies the value contained in the translation table by 
two, and transfers control to the software special character 
translation routine located at the resulting address. 


Upen transfer to the translation subroutine, registers 0 and 
1 contain the old PSW; register 2 contains the device number; 
register 3 cecntains the untranslated character; and register 
4 contains the address of the channel command block. The 
current PSW indicates run state, machine malfunction interrupt 
enabled, higher level I/O interrupts enabled and all other 
interrupts disabled. The condition code is zero. 


9.1125 Check Werd 


The check word in the channel command block contains the 
accumulated residual for longitudinal or cyclic redundancy 
checking. The initial value for the check word is usually zero. 
(There are data dependent exceptions, Code, where initial 
characters are not to be included in the check.) 


The lengitudinal check is an exclusive OR of the character with 
the check word. 


The cyclic check uses the formula for CRC 16: 


x '6 +x'5 +x? +4 
If the data communication option is equipped, the cyclic check 
May optionally use the formula for CRC SDLC: 

x '6 +x? +x° +4 
On input, if both redundancy checking and translation are 
required, the character is translated first; then the cyclic 
redundancy check is done using the original character input 
rather than the translated character. On output, the translated 
character participates in the redundancy check. Redundancy 
checking may be used only with byte devices, and is only 
performed if the Fast bit (F) of the CCW is zero. 
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9.11-6 Channel Command Word 


The Channel Command Word (CCW), as shown in Figure 9-2, consists 
of two parts. Bits 0:7 contain a status mask. Bits 8:15 
describe the channel operation. 


618 
0 7 8 9 0 11 12 15 


[stavros mask te xf ne _fe hada [rl 


FAST 
TRANSLATE 
READ/WRITE (0/1) 
BUFFER SWITCH 


REDUNDANCY CHECK TYPE 


EXECUTE — 


Figure 9-2 Channel Command Word 


Status Mask 


On every channel operation, if the Execute (E) bit is set, the 
status mask is ANDed with the device status. This operation does 
not change the status mask. If the result is zero, the channel 
proceeds with the operation. If the result iS non-zero, the 
channel sets the L flag in the condition code, and transfers 
control to the specified software subroutine. 


Execute Bit (5) 


If this bit is zero, the channel unconditionally transfers 
contrel to the specified subroutine, without taking any other 
action. The condition code is zero. If this hit is set, tha 
channel continues with the operation as specified in the channel 
command word. 


Fast Bit (F) 
If this bit is set, the channel performs the I/O transfer in the 
fast mode. In this mode, buffer switching, redundancy checking, 


and translation are not allowed. This bit must be set for 
halfweord devices. If this bit is set, buffer 0 is always used. 


Read/Write Bit (R/W) 
This bit indicates the type of overation. If this bit is zero, 


a byte or a halfword is input from the device. If this bit is 
set, a byte or a halfword is output to the device. 
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Translate Bit (T) 


If this bit is set, and the Fast bit is zero, the channel 
translates the data byte, using the translation table defined in 
the CCB. 


Redundancy Check Type Bits (ERC) 


These two encoded bits specify the type of redundancy check 
required. No check is performed if the fast bit is set. CRC 
SDLC may be performed only if the data communication option is 
installed. If the option is not installed, CRC BISYNC (CRC 16) 
is performed ywhen SDLC is’ specified. The following table 
contains the valid types of checks: 


Bit 


Redundancy Check Type 


LRC 

CRC BISYNC 

Reserved - must not be specified 

CRC SDLC - Should only be specified if 

the data communication option is installed. 


+ -- CO © 


Puffer Switch Bit (B) 


when zero, this bit specifies that buffer 0 is to be used for the 
transfer. If it is set, buffer 1is used. The channel chains 
buffers, when the count field becomes greater than zero, by 
complementing the buffer switch bit before transferring control 
to the specified software routine. Buffer 0 is always used if 
the Fast bit in the CCW is set. 


9.-11-7 Valid Channel Command Codes 
The following is a list of valid codes for the channel command 


word. Note that only the first three may be used with halfword 
devices. 
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H EXADECIMAL 


00 
84 
85 
80 


CHANNEL CCMMAND WORD 8:15 


BINARY 


0¢000000 
10000001 
10000101 
1€000000 
10000010 
10000100 
10000110 
10001000 
16001010 
10001100 
16001110 
10010000 
10010010 


10010100 
16010110 


10011000 
10011010 


10011100 
10011110 


10110000 
10110010 


101101600 
10110110 


16111000 
10111010 


10111100 
10111110 


MEANING 


Transfer to subroutine 


Read fast 


mode 


Write fast mode 

LRC, Buffer 0, read 
LRC, Buffer 0, read 
LRC, suffer 0, writ 
LRC, Buffer 0, writ 
LRC, Buffer 1, read 
LRC, Buffer 1, read 
LRC, Buffer 1, writ 
LRC, Buffer 1, writ 
CRC BISYNC, Buffer 
CRC BISYNC, Buffer 


translate 


CRC BISYNC, Buffer 
CRC BISYNC, Buffer 


translate 


CRC BISYNC, Buffer 
CRC BISYNC, Buffer 


translate 


CRC BISYNC, Buffer 
CRC BISYNC, Buffer 


translate 
CRC SDLC, 
CRC SDLC; 
translate 
CRC. SDLC; 
CRC. SDEC, 
translate 
CRC SDLC, 
CRC SDLC, 
translate 
CRC SDLC, 
CRC SDLC.’ 


translate 


Buffer 0, 
Buffer 0, 


Buffer O, 
Buffer O, 


Buffer 1, 
Buffer 1, 
er 1° 
er 1, 


, translate 
e 
e, translate 


, translate 
e 

e, translate 
0, read 

QO, read, 


0, write 
0, write, 


1, read 
1, read, 


1, write 
1, write, 


read 
read, 


write 
write, 


read 
read, 


an 


ite 
“it 
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9.11.8 General Auto Driver Channel Programming Procedure 
(see Figure 9-3) 


4% Set up interrupt service pointer table to vector 


error routines for undefined devices. 


Ze Set up address of channel command word + 1 (odd) 


to 


in 


table at 2 times device number plus X*DO* (start of 


interrupt service pointer table). 
3. Set up complete channel command block. 
ue Set up device and enable device interrupt. 


5S. Enable I/90 interrupts in PSW (auto driver 
performs I/O operation). 


6- Check for good termination of auto driver 


channel 


channel 


Operation when the subroutine defined in the CCB is 


entered. 
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620 EXSUBO 


R4—<A(CCB), NO PSW = 
CHANEL FORCED EVEN ‘28N0’ 


“AND” STATUS 
MASK WITH 
INTERRUPT 

STATUS 


EXSUB2 


x ‘FAST’ 

BIT SET IN 
ccw? 
NORMAL 


FASTMODE EXAUTO 


BUFFERO 

BYTE COUNT 

POSITIVE 
? 


RESTORE 
ENTRY 
PSW & LOC 


LOC«CCB 
SUBROUTINE 
ADDRESS 


ADD BYTE COUNT 
TO BUFFER 0 END 
ADDRESS, TO 
FIND ADDRESSED 
DATA BYTE 


MPE 

STATUS 

TRUE 
? 


EXECUTE AT 
SUBROUTINE 
ADDRESS 


CCW QUEUE FLAG 


R/W BIT N FOR 
SET TWAIT MALFUNCTION 
? IN CHANNEL 


TEST WAIT BIT 


Y 
OUTPUT DATA INPUT DATA 

HALFWORD, Y 

INCREMENT perth INCREMENT MMEINT 
BUFFER 0 BYTE : BUFFER 0 BYTE 


COUNT BY 2 COUNT BY 2 


MACHINE MALFUNCTION 
N N INTERRUPT 


OUTPUT DATA INPUT DATA 


BYTE, BYTE, 
INCREMENT INCREMENT 
BUFFER 0 BYTE BUFFER O BYTE 
COUNT BY 1 COUNT BY 1 


NOTES: 
ON ENTRY FROM AUTOIO, 


PSW = ‘000028NX’ 
EXSUB2 WHERE N = ATTENTION LINE CAUSING INTERRUPT 


X=4LS DEVICE STATUS BITS 

RO = OLD PSW 

R1 = OLD LOC 

R2 = INTERRUPT DEVICE ADDRESS 
R3 = INTERRUPT DEVICE STATUS 
MPE STATUS ISTRUE IFA 
MACHINE MALFUNCTION 
OCCURRED WITHIN THE CHANNEL. 


EXAUTO 


Figure 9-3 Auto Lriver Channel Flowchart 
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ee) NORMAL 


CCW Y SET UP TO 

B BIT USE 

ay BUFFER 1 
N 


SET UP TO 
USE 


BUFFER O 


BUFFER 

BYTE COUNT 

POSITIVE 
? 


A \ EXAUTO 


ADD BYTE COUNT 
TO BUFFER END 


ADDRESS, TO 
FIND ADDRESSED 
DATA BYTE 


NFWRIT 


SUBROUTINE 


a TRANSL 
N 


SUBROUTINE 
REDCHK 


INCREMENT 
BYTE 
COUNT 
BY 1, WRITE 
TO MEMORY 


BYTE 

COUNT 
POSITIVE 
? 


N 
e EXAUTO 


COMPLEMENT 


CCB 
BUFFER BIT 


Ms EXSUB2 


Figure 9-3 Auto 
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GENERATE NEW 
CHECKWORD USING 
CRC16 ALGORITHM 
IN MICROCODE, 
WRITE TO MEMORY 


REDCHK 


CCW 
CORSBIT 
SET 


GENERATE 
NEW CHECKWORD 
USING COMM 
ASSIST UNIT, 
WRITE TO MEMORY 


RETURN 


NOTE: BYTE USED IN I/O FIGURES 
IN CHECKWORD. 


EXCLUSIVE OR 
DATA WITH 
CHECKWORD, 
REWRITE TO 
MEMORY 


RETURN 


NFREAD 


INPUT 
DATA BYTE 


‘3 SUBROUTINE 


3 TRANSL 


SUBROUTINE 
REDCHK 


WRITE BYTE 
TO 
MEMORY 


LOC #2 TIMES 
TABLE ENTRY 

(ADDRESS OF 
TRANSLATION 
ROUTINE) 


TRANSL 


FETCH 
2 TIMES DATA BYTE TRANSLATION 
IS TRTBL BYTE 
INDEX. READ 


NOTE: USER SOFTWARE 
MUST UPDATE BUFFER 
BYTE COUNT AS 
APPROPRIATE 


ENTRY 


RETURN 


Driver Channel Flowchart (Continued) 
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CHAPTER 10 
STATUS SWITCHING AND INTERRUPTS 


10-1 INTRODUCTION 


The processor's interrupt system provides a nechanism for escape 
from the normal processing sequence to handle external ani 
internal events. The software routine that is executed in 
response to an interrupt is called an interrupt service routine. 
Before transferring control to a service routine, the current 
state of the processor is preserved so that, upon completion of 
the service routine, the execution of an interrupted program may 
be resumed. 


Interrupts may be classified as being synchronous or 
asynchronous, depending on whether they occur in fixed 
relationship tc the execution of instructions, or whether they 
occur at random times due to events external to the processor. 
Fxamples of asynchronous interrupts include power fail, console 
attention, and feripheral device interrupts. 


Synchronous interrupts occur due to fault conditions, or in the 
case of software interrupts, may be programmed to occur. 
Examples of fault conditions which cause synchronous interrupts 
include non-correctable memory errors, illegal instructions, and 
arithmetic faults. 


Software interrupts occur when the Supervisor Call (SVC) or 
Simulate Interrupt (SINT) instructions are executed, or as a 
result of adding an entry to the system queue. The Breakpoint 
(RRK) instruction causes program execution to be suspended so 
that the system console terminal may be activated. See the 
chapter on the System Console Terminal. 


Each interrupt condition is reset when the corresponiing 
interrupt occurs. 
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621 


10.2 PROGRAM STATUS WORD (PSH) AND RESERVED MEMORY LOCATIONS 


The Program Status Word (PSW), shown in Figure 10-1, is a 64-bit 
gGuantity that controls the operation of the processor. The PSW 
provides information about various states and conditions 
affecting the operation of the processor. The PSW is composed of 
two fullwords: bits 0:31 are the status word, and bits 32:53 are 


the location counter. The various PSW fields are described 
below: 
0 12 13 14 15 16 17 18 19 20 21 22 23 24 27 28 29 30 31 


ee 
EN dr Bete del os 


STATUS WORD 


32 43 44 68 


ee | LOCATION COUNTER 


LOCATION COUNTER 


Figure 10-1 Program Status Word (PS) 


Bits 0- 12 Unused, must be zero 

Bit 13 FL™ Floating-point masked mode 

Bit 14 ITP Interruptible instruction in progress 
Bit 15 Unused, must be zero 

Bit 16 W Wait state 

Bit 17 I I/O interrupt mask 

Bit 18 M Machine malfunction interrupt mask 
Bit 19 FLU Floating-point underflow mask 

Rit 20 I I/O interrupt mask 

Bit 2 MAC Memory access controller mask 

Bit 22 0 System queue service interrupt mask 
Bit 23 P Protect mode 

Bits 24 - 27 R Register set select field 

Bits 28 - 31 Ce¥e Ged Condition code 

Bits 32 - 43 Unused, must be zero 

Bits 44 - 63 Location counter 
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1022-21 PSW Status Word 


Bits 0:31 of the PSW are called the status word. This wori 
contrcls interrupts, defines the status of the processor, and 
contains the condition code. The following sections provide 
detailed definitions of various states of the processor and how 
the status word controls them. Unused bits of the status word 
must always be set to zero. 


10¢2e1e¢1 Floating-Point Masked Mode (FLM) 


On precessors with the floating-point option, when bit 13 of the 
current PSW is ZeLO, a program may execute any legal 
floating-point instruction. 


When bit 13 of the current PSwW is set, the processor is in the 
Floating-Point Masked (FLM) mode. A program running in this mode 
is not allowed to execute floating-point arithmetic instructions. 
Tf execution cf any floating-point arithmetic instruction is 
attempted in FLF mode, an illegal instruction interrupt occurs. 
If the processcr is in FLM mode when a context switch is made by 
the system program and the processor state must be saved, the 
contents of the floating-point registers need not be saved. This 
results in a faster context Switch. 


10.2e1-2 Interruptible Instruction in Progress (IIP) 


PSW bit 14 is set by the processor while an interruptible 
instruction is in progress, and is zero when the interruptible 
instruction terminates. This bit is set by the processor to 
indicate that the scratchpad registers contain valid parameters 
for the interrurtible instruction and that these parameters need 
not be recalculated before resuming the interrupted instruction. 


If bit 14 of the current PSW is set when the processor transfers 
contrel to a software interrupt service routine, that routine 
must not allow the contents of the scratchpad registers to be 
modified before the interruptible instruction is resumed. The 
STPS, LOPS, ISSV, and ISRST instructions provide the means for 
Saving and restoring these registers if they must be used by the 
interrupt service routine. 


TOé425 103 Wait State (W) 


When FSW bit 16 is set, the processor is in the wait state. In 
the wait state, the normal fetch instruction/execute 
instruction/fetch next instruction sequence is suspended. While 
in the wait state, the processor iS responsive to console 
attention interrupts and primary power fail, as well as any 
interrupts specifically enabled by the current PS. 


PSW bit 16 is zero when the processor is executing instructions. 
This bit 1S forced to zero whenever the single-step, run switch, 
or system console terminal is used to initiate instruction 
execution. This bit is not torced set by entry to the console 
mode. 
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If an interrupt occurs, PSW bit 14 is set according to the new 
PSW defined for servicing the interrupt. Kit 15 of the new PSW 
for any I/O interrupt is zero. 


Except for an I/O interrupt, the state of bit 16 of the new PSX 
is tested as the PSW is loaded. If bit 15 of the newly loaded 
PSW is set, the pnrocessor enters the wait state, provided that no 
interrupt is still pending. 411 rending interrupts are serviced 
before the processor enters the wait state. 


10-221-4 I/0 Interrupt Mask (I) 


PSW bits 17 and 20 are used together to enable or disable 
recognition of interrupt requests generated by peripheral devices 
on any of the four interrupt levels, as detailed below: 


BIT 17 RIT 20 MEANING 
0 0 All levels disabled 
0 1 Higher levels enabled 
1 0 All levels enabled 
1 1 Current and higher levels enabled 


The interrupt levels are numbered from 0 to 3, with level 9 being 
the highest pricrity interrupt level and level 3 being the lowest 
priority interrupt level. 


An I/O interrupt request is queued until the processor 
acknowledges the interrupt unless the request is programmed 
reset, Or power fail occurse The state of PSW bits 17 and 290 is 
ignored by the Simulate Interrupt (SINT) instruction. 


10.2.1.5 Machine Malfunction Interrupt Enable () 


PSW bit 18 is used to enable and disable detection of various 
Malfunction conditions within the processor and the resulting 
machine malfunction interrupt. When this bit is set, any of the 
following conditions results in a machine malfunction interrupt. 


early power failure 

power restore 

non-correctable memory data error 
nen-configured memory address 


The Model 3220 Processor is designed with the concept that all 
software must enable the machine malfunction interrupt for 
maximum data integrity.e Unlike other processors, Model 3220 does 
not require that this interrupt ever be disabled. The processor 
resets each detected interrupt condition as it occurs. 


While performing a machine malfunction interrupt PSW swap, the 
processor sets PSW bit 18 to allow error detection for the new 
PSW data fetched from memory. If the new PSW cannot be fetched 
correctly, the processor effectively stops by entering the 
console mode. This prevents a runaway situation in the event of 
a double fault. . 
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If PSW bit 18 is zero, any non-correctable memory data error is 
logged by the optional error logger. Cache accesses tO memory 
using a non-cenfigured memory address result in undefined data 
being loaded into the optional high-speed cache, with no erroc 
indication. Nec machine malfunction interrupt occurs for any of 
the reasons given above. A machine malfunction due to early 
power failure is queved until PSW bit 18 is set by software, or 
until automatic shutdown occurs. The interrupt is not queued for 
any other reason. 


10.2.1.-6 Floating-Point Underflow Interrupt Enable (FLU) 


PSW bit 19 controls response of the processor to an arithmetic 
underflow resulting from a single- or double-precision 
floating-point arithmetic operation. 


If this bit is set when the underflow occurs, an arithmetic fault 
interrupt occurs, and the participating floating-point registers 
remain unchanged. 


If this bit is zero when the underflow occurs, the result of the 
operation is replaced by zero, and the condition code is set to 
0100 (V-flag only), as definei in the description of the specific 
floating-point instruction. 


10.2127 Memory Access Controller Enable (MAC) 


PSW bit 21 is used to enable and disable the relocation and 
protection programmed into the Memory Access Controller (MAC). 
When this bit is set, relocation, protection, ani the MAC fault 
interrupt are enabled. When this bit is zero, relocation, 
protection, and the MAC fault interrupt are disabled. 


10.2-1-8 System Queve Service Interrupt Enable (9) 


It bit 22 of the new PSW loaded by any of the instructions listed 


below is set, the state of the system queuve is tested. If the 
system queue is not empty, a System Queue Service (SQS) interrupt 
occurs. Tf the system gueuve is empty, the next instruction is 


al 


fetched and executed, according to the newly-loaded PSW. 


If bit 22 of the newly-loaded PSW is zero, the S?S interrupt is 
disabled. 


The following instructions test the state of the system queue: 


MNEMONIC MEANING 
EPSR Exchange Program Status ‘Register 
LPS Load Process State 
LPSW Load Program Status Word 
LPSWR Load Program Status word Register 


an 
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1021-9 Protect Mode Enable (P) 


When PSW bit 23 is set, the processor is in the protect’ wmode. 
Any attempt by a program cunning in this mode to execute a 
privileged instruction causes an illegal instruction interrupt to 
occure The processor does not attempt to execute the offending 
instruction. The Breakpoint (BRK) instruction is a privileged 
instruction. 


When PSW bit 23 is zero, the processor is in privileged mode. A 
program running in privileged mode may execute any legal 
instruction,. within the constraints imposed by the system 
configuration and the state of PSW bit 13 (FLM). 


10-21-10 Register Set Select Field (R) 


Rits 24, 25, 26, and 27 of the current PSW select the active 
general register set. Although 16 different sets may be 
specified by using the four bits of this field, only eight sets 
of general registers are implemented in this processor. The 
implemented sets are numbered 0, 1, 2, 3, 4, 5, 6, and 15. 


Set 0, 1, 2, or 3 iS automatically selected by the processor in 
handling an I/O interrupt on the corresponding interrupt level. 
Registers 0 through 4 of that set are used to maintain 
information pertaining to an I/0 interrupt request which is 
acknowledged on the I/O interrupt level corresponding to the 
selected register set. Therefore, sets 0, 1, 2, and 3 should not 
be used for general purpose processing. These sets may, however, 
be used for processing internal interrupts, which use registers 
11 through 15 of the selected set to maintain information 
pertaining to the interrupt. 


Sets 4, 5, 6, and 15 may be allocated according to processing 
needs, without special consideration. Sets 7 through 14 are not 
implemented. An attempt to select a set which is not implemented 
may result in the selection of any set, without any special 
indication of the error. 


When a new PSW is loaded, the ster set becomes’ the 
Str 


i 
active set for the next ins d 


PSW BIT SELECTED REGISTER SET 

z4 25 26 27 

0 0 9 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
1 1 1 1 15 
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10.2-1.-11 Condition Code (C, V, G, L) 


PSW bits 28:31 contain the condition code. AS part of the 
execution of certain instructions, the state of the condition 
code may be undated to reflect the nature of the result. Not all 
instructions affect the condition code. 


For most interrupts, bits 28:31 of the new PSW are simply copied 
to the condition code. For immediate interrupts, the least 
significant four bits of the status byte for the interrupting 
device are corgied to the condition code after the new PSW has 
been loaded. Ne restrictions are imposed on the condition code 
field of a new PSW contained in a memory location or register. 
Any condition ccde value may be specified. 


The condition cede of the current PSW may be tested by the 
conditional branch instructions describej in Chapter 4. 


10.2.2 PSW Location Counter (LOC) 


PSW bits 32:63 comprise the location counter, which contains’ the 
address of the instruction currently being executed by the 
processor. When the current instruction is successfully 
completed, the value contained in the location counter is 
incremented by the length of the instruction in bytes, and the 
instruction at the resulting address is fetched. 


An instruction which results ina branch being taken causes the 
contents of the location counter to be replaced with the 
effective branch address; Loa. with the address of the 
instruction to which control is to be transferred. The 
instruction at the new address is the next instruction to be 
fetched and executed. 


When an interrupt occurs, the entire PSW, bits 0:63, is replaced. 
If bit 16 of the new PSW (the wait bit) is set, the instruction 
indicated by the new contents of the location counter is not 
fetched. Manual intervention is required to cause the wait bit 
to be zero, and the instruction to be fetched and executed. If 
an interrupt causes the PSW with the wait bit set to be replaced 
by another new PSW that has the wait bit zero, the instruction 
indicated by the location counter of that new PSW is fetched and 
executed. 


If an instruction has not been successfully completed when an 
interrupt PSW swap occurs, the 64-bit PSW, in effect for the 
instruction being executed at the time of the interrupt, is saved 
before the interrupt handler is entered. The location counter in 
the saved PSW points to the instruction being executed at the 
time the interrupt occurred. If the interrupt occurs after the 
successful completion of one instruction and before beginning 
another, the location counter in the saved PSW points to the next 
instruction to ke executed. 


see the section on the Interrupt System for an explanation of 


old, current, and new PSwW, and of the use of these PSWs by the 
processor in scheduling interrupt service routines. 
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10-223 Reserved Memory Locations 


Physical memory locations X°000000° - xXx*0oO002CF* are reserved 
memory locations. For systems with expanded I/0 interrupt 
service pointer tables, physical memory locations X‘'0002D0'° = 
X*OOOUCF® or xX'O0002D0° j- xX'OOO8CF* are also reserved memory 


locations. These locations contain assorted information used in 
servicing interrupts, as shown in Figure 10-2. Use of data in 
these locations as the result of an interrupt is detailed in the 
section describing the interrupt. 


X¥*°O000000° - X*OCOOTF® Reserved, must be zero 

X*°000020° - X'OCCO27' Machine malfunction interrupt old PSwW 

X*000028" - X*O0CO02B" Used by console service microcode 

K*O00002C* - X*OCO02F* LM effective address word 

X¥*°Q00030° - XK*0G0037" ITllegal instruction interrupt new PSW 

X¥'000038° - X*OCO03F° Machine malfunction interrupt new PSwW 

X¥*OO00040" - XK'OC0043* Machine malfunction status word 

X'O00004UK" - X*0C004K7" Machine malfunction virtual (program) 
address word 

X*OOO0048" - X*OCCO4UF’ Arithmetic fault interrupt new PSW 

X¥*O000050" - X'OCOOT7TF’® pootstrap loader and device definition 
table 

X'000080° - X'0C0083° System queue pointer 

X¥*OO00084° - X*'QCOCRT' Power fail save area pointer 

X¥°000088° - X*OCOO8F' System queue service interrupt new PSW 

X'000090° - X*0C0097° MAC fault interrupt new PSW 

X¥'O000098° - X*OCOO9B* Supervisor call new PSW status word 

X*'QO0009C* - X*OCOOBB* Supervisor call new PSW location 
counter values 

X*OOOCBC* - xX*OQOQO00CT7® Reserved, must be zero 

X°O0000C8* - ¥Y'OCOOCF® Data format fault new PSW 

X'OQOOCDO’ - X*'OQC002CF’ Interrupt service pointer table 

X*OO002D0° - X*OCOUCF® Expanded interrupt service pointer table 

X°OOO4DOS - X*OCO8CF' Expanded interrupt service pointer table 


Figure 10-2 Reserved Memory Locations 


10.3 INTERRUPT TIMING AND PRIORITY 
1023-1 Maskable and Non-Maskable Interrupts 


Maskable interrupt conditions are controlled by bits in the PSW. 
When a request to interrupt due to a maskable condition occurs, 
the corresponding control bit in the PSW is examined. If the 
control bit indicates that the interrupt is enabled, an interrupt 
is taken and control is transferred to the appropriate service 
routine. The paragraph describing each interrupt provides 
details about the control bit(s), how the interrupt is enabled or 
disabled, and the effects of enabling or disabling an interrupt. 


Non-maskable interrupts are those which have ho corresponding 
control bits in the PSWe Examples of non-maskable interrupts are 
SVC, SINT, Illegal Instruction, and Console Attention. Sections 
describing each interrupt provide further details. 


Figure 10-3 shows the various maskable and non-maskable 
interrupts. 
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1023-2 Interrupt Timing 


Asynchronous interrupts are normally permitted to occur only 
after execution of an instruction has been completed, and before 
execution of the next instruction begins. However, asynchronous 
interrupts are permitted to occur at the end of any iteration, 
while an interruptible instruction is being executed. 


A synchronous interrupt is permitted to occur at the time the 
condition causing the interrupt is detected. The SQS interrupt, 
which occurs at some indefinite time following addition of an 
entry to the system queue, is called a deferred synchronous 
interrupt. A synchronous interrupt due to a fault causes’ the 
offending instruction to be aborted with no modification of the 
contents of registers or memory locations resulting from 
execution of that instruction. Fixed and floating-point 
Load/Store Multiple, and Store Double Precision are exceptions to 
this rule. In the case of an interruptible instruction, the 
current iteration of the instruction is aborted by such an 
interrupt without modification of the contents of registers or 
memory as a result of the faulted iteration. 


For all interrupts, the old PSW location counter presented to the 
interrupt handler points to the next logically-executed 
instruction in the interrupted program. If the interrupt is 
caused by a fault, the instruction causing the fault was not 
completed and is logically the next instruction to be executed. 
The old PSW location counter presented to the fault interrupt 
service routine, therefore, always points to the instruction 
which caused the fault. 


Multircle memory accesses are required for the manipulation of a 
circular list structure using the ATL, ABL, RTL, or RBL 
instruction. For each of these instructions, the list header is 
not updated until the body of the list has been successfully 
accessed. For the RTL and R3BL instructions, no registers are 
modified unless the list element has been successfully accessed, 
and the list header has been successfully updated. 


10-32 Interrupt Precedence 


Considering the instant of instruction fetch request as the time 
of reference, interrupts have the following precedence (highest 
to lowest): 


INTERRUPT PRECEDENCE TABLE 


Synchronous Fault interrupts 
Interrupts System queue service 


Primary pcewer fail/restore 
Asynchronous Console attention 
Interrupts Machine malfunction interrupt due to early 
power tail 
I/O interrupts 
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Figure 10-3 


Schematic Diagram of The Model 3220 


Interrupt System Architecture 


Fault interrupts are caused by various conditions that have the 
following logical precedence in descending priority order. 


r Memory access controller fault on an instruction fetch 


@ Machine malfunction fault due to memory malfunction on an 
insetruction fetch 


e Illegal instruction fault 
@e Illegal sub-function fault 


e Data format fault due to alignment error ona data read/write 
operation 


@® Memory access controller fault on a data read/write operation 


® Machine malfunction fault due to memory malfunction ona data 
read/write oreration 


e Data format fault for other than boundary alignment error 


@e Arithmetic fault 


Since any fault interrupt causes execution of an instruction to 
be abortad at the point of the fault interrupt condition, no nore 
than one fault interrupt condition can occur at a time. However, 
other interrupts in the synchronous and asynchronous interrupt 
classes given in the preceding Interrupt Precedence Table can 
occur Simultaneously. In such a case, the order given in the 
table governs the servicing sequence for the interrupts. 


10.304 Interruptible Instructions 


For any interrurtible instruction, execution consists of the 
following phases: instruction fetch, instruction decode, an 
iterative loop, and termination. An interrupt during any phase 
of an interruptible instruction does not affect the operation of 
the instruction. It may simply be re-executed once the interrupt 
has been serviced. An interrupt during the iterative phase of 
the instruction causes the processor to resume the iterative 
Phase when the instruction is re-executed, as though the 
interrupt never occurred. If the interrupt was caused by a 
fault, the iteration which resulted in the interrupt is repeated 
when the instruction is re-executed. 
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When an interrupt occurs during execution of an interruptible 
instruction, except for Read Control Store (RDCS) or “Write 
Control Store (WDCS), the processor sets bit 14 (IIP) of the old 
PSW presented tc the interrupt service routine. If PSW bit 14 is 
set when an interruptible instruction is executed, the processor 
assumes that valid information for controlling the instruction is 
contained in the scratchpad registers. For this reason, if 
return to the interruptible instruction is anticipated, the 
contents of the scratchpad registers must be preserved when PSW 
bit 14 is set. It is also important that the contents of these 
registers be saved or restored as necessary during a context 
switch by the system program. 


To abort an interruptible instruction when it is interrupted, PSW 
bit 14 must be forced to zero before any subsequent interruptible 
instruction (except RDCS or WDCS) is attempted. 


CAUTION 


SOFTWARE MUST NEVER SET PSW S8IT 14 
UNLESS RESUMING EXECUTION OF THE 
INTERRUPTIBLE INSTRUCTION THAT CAUSED 
EIT 14 OF THE PSad TO BE SET. 
RESUMPTION OF ANY INTERRUPTIBLE 
INSTRUCTION MUST NEVER BE ATTEMPTED IF 
THE CONTENTS OF THE SCRATCH PAD 
FEGISTFRS ARE NOT KNOWN TO HAVE BEEN 
FRESERVED BETWEEN INSTRUCTION 
INTERRUPTION AND RESUMPTION. 


10.4 FROCESSCR MODES 


At any given time, the processor may be in the console mode or 
run modee The single-step mode provides a means for alternating 
between the console and run modes. Wait and run states only have 
meaning for the run mode. 


19-4.1 Console Mode 


> 


tha nrarcracanr is 


eis 
While ey 4 MAaWU Tw OVE ~~ dedi cated to communicatin ng wit 
c 


to communicating with the system 

onsole terminal, it is said to be in the console mode In this 
mode, program execution is suspended so that the user aay examine 
and modify the data contained in certain registers and memory 


locations. 


Appendix F provides a flowchart for the console service routine. 
The console mode may be entered in any of the following ways: 


1. The Breakpoint (BRK) instruction is executei by a 
cunning program when PSW bit 23 is zero. 


2e Execution of an instruction is completed while in the 
Single-step mode. 


3. The HALT/RUN Switch is depressed momentarily while the 
processor is in the run mode. 
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4. Following a system initialization sequence, backup power 
to memcry is found not to have been maintained within 
regulation, and the LSU is not enabled when the sequence 
is comrlete. 


Se Following a system initialization sequence, if backup 
power to memory waS maintained within regulation, but 
the LSU is not enabled and the contents of physical 
memory location X‘'000028'° indicate that the processor 
was in the console mode when system initialization 
occurred. 


6. An attempt to fetch a machine malfunction interrupt new 
PSW results in a non-correctable memory error. In this 
case, the error code for the initial malfunction is 
stored in the machine malfunction status word at 
X°O00004U0', and LOC is loaded with the address of the 
status word before the console mode is entered. 


7. j$If control has been passed to uninitialized Writable 
Control] Store or an errant WCS microprogram, control can 
be regained at the system console by enabling the 
single-step mode and depressing the HALI/RUN switch. 


Note that system initialization occurs when the power supply 
detects that AC line voltage is failing; when the Initialize 
(INIT) switch on the consolette is momentarily depressed; or when 
the key-operated LOCK/ON/STANDBY switch is moved to the STANDBY 
position. The initialization sequence completes when power is 
restored to the processor. System initialization resets all 
pending interrupts for the system console and other I/0 devices 
in the system. DMA operations are also terminated. 


While the processor is in the console mode, interrupt conditions 
are net handled in the same manner as they are if detected during 
execution of a frogram. 


Interrupt requests for the system console terminal and all other 
I/O devices remain queved until the run mode is entered. DMA 
operations are not affected by changing processor modes. 


DSW bit 16 is always forced to zero before the run mode is 
entered from the console mode. 


Fault conditions caused by memory accesses while in the console 
mode are reset when they occur, and do not cause interrupts when 
the run mode is entered. If a fault condition occurs’ while 
attempting to modify a memory location, that location may not be 
changed. If a fault occurs while attempting to examine a memory 
location, the faulting address is displayed instead. 


System initialization, while in the console mode, results in 


automatic shutdcwn, with no machine malfunction interrupt due to 
power failure. 
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10.4.2 Run Mode 


When the processor is not dedicated to communicating with the 
system console terminal, it is in the run mode. In this mode, 
program executicn is controlled by the contents of the 64-bit 
Program Status Word (PSW). While the processor is in the run 
mode, it may be in either the wait state (PSW bit 16 is set), or 
the run state (PSW bit 16 is zero). In the run state, the 
processor perferms a repetitive fetch instruction/execute 
instruction/fetch next instruction sequence. In the wait state, 
this sequence is suspended. 


The run mode may be entered in any of the following ways: 


1. The ‘less than* prompt character (<) is entered from the 
system console terminal when the processor is in the 
console mode. 


2- The HALT/RUN switch is depressed momentarily while the 
processor is in the console mode. 


3. The LSU is installed and enabled when a system 
initialization sequence is completed. In this case, the 
Program loaded from the LSU is given control of the 
processor. 


Interrupt conditions cannot cause the processor to enter the rcun 
mode from the ccnsole mode, with the following two exceptions: 


5 te An initialization sequence performed while the processor 
is in the console mode causes the program to be loaded 
from the enabled LSU, and control of the processor is 
given to the program. 


2+ The HALT/RUN switch is depressed momentarily while the 
processor is in the console mode. 


10.4.2 Single-Step Mode 


When the SINGLE switch is in the SINGLE position, the processor 
is in the single-step mode. In this mode, whenever execution of 
an instruction is completed, the processor leaves the run wmode 
and enters the console mode. Manual intervention is normally 
required to execute the next instruction. 


Interrupts are handled according to the methods detailed in the 
previous paragraphs. If the processor is in the single-step mode 
and the run state when an interrupt request occurs, the processor 
completes the current instruction (or iteration) and then 
performs the interrupt PSW swap. The first instruction of the 
interrupt service routine is not executed. 


If system initialization occurs while in the single-step mode, 
any instruction in progress (or the current iteration of an 
interruptible instruction) completes. When the initialization 
sequence is complete, a maximum of one instruction is executed 
before the processor again enters the console mode. 


Note that in the single-step mode, PSW bit 16 is always forced to 
zero before entering the run mode to fetch a user instruction. 
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10.5 STATUS SWITCHING 


The PSW that is loaded in the processor, at any given time, is 
called the current PSW. The register set selected by this PSW, 
the data contained in the general, floating-point, or scratchpad 
registers accessible by the user program, and the machine status 
defined by the PSW collectively constitute the “process state". 
If the status word or both the location counter and Status word 
are changed, a status switch has occurred. A status switch can 
be caused explicitly by executing a status switching instruction 
or may be forced to occur by an interrupte When the value of the 
PSW that was current at the time of a status switch is saved, 
that value is called the old PSW. 


The scheduling of interrupt service routines is based upon the 
concepts of old PSW, current PSW, and new PS. When an interrupt 
occurs, the following status switch takes place: the current PSW 
becomes the old PSW; the new PSW defined for the interrupt is 
loaded, and becomes the current PS. 


Tor a status switch resulting from an interrupt, the old PSW is 
stored in dedicated registers of the set specified by the new PSW 
defined for the interrupt. The machine malfunction interrupt is 
the exception to this rule; for this interrupt, the old PSwW is 
stored in dedicated memory locations. 


For meaningful processor response to multiple interrupts, it is 
important that the new PSwa defined for a particular interrupt 
class does not enable interrupts of the same class. 


The various interrupts which may occur, and the response of the 
processor to each interrupt, are described in the following 
secticnSe 


1025.1 Tllegal Instruction Interrupt 


The illegal instruction interrupt occurs if an attempt is made to 
execute an instruction whose operation code is not one of those 
permitted by the system. This interrupt may occur for any of the 
following reasons: 


1. The operation code is undefined for the system or 
optional equipment necessary to execute the instruction 
is not present in the system. 


ze The operation code has several possible sub-function 
specifications, and the sub-function specified is 
undefined. 


Re The instruction is a privileged instruction, and PSW bit 
23 is sete 


ue The instruction is a floating-point instruction, and PSWw 
bit 13 is set. 
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The illegal instruction interrupt cannot be disabled. The 
floating-point instructions, high speed data handling 
instructions, and writable control store instructions require 
optional equipment, and are therefore optionally illegal. No 
attempt is made by the processor to execute an illegai 
instruction. 


When an illegal instruction interrupt occurs, the following 
actions are taken: 


1. The current PSW is stored in registers 14 and 15 of the 
set selected by the illegal instruction interrupt new 
PSW found in memory at phySical address X‘'000030'. 


2e The illegal instruction interrupt new PSW becomes’ the 
current PS#H. 


The old PSW location counter presented to the interrupt service 
routine in register 15 points to the illegal instruction. 


10.5.2 Data Format Fault Interrupt 


The data format fault interrupt occurs if the required halfword 
or fullword alignments are violated for memory accesses, or if it 
lis otherwise determined that data is not properly aligned to the 
specified fields. Halfword alignment violations are not detected 
by the Model 3220 Processor on memory .§ reads. The data format 
fault interrupt cannot be disabled. 


When a data format fault interrupt occurs, the following actions 
are taken: 


1. The current PSW is stored in registers 14 and 15 of the 
set selected by the data format fault new PSW found in 
memory at physical address X'0000CB°*. 


Ze Register 13 of the selected set is loaded with a code to 
indicate the reason for the interrupt, as shown in the 
following list: 


COLF REASON FOR INTERRUPT 

0 Reserved code 

1 Reserved code 

2 Invalid sign digit, packed data 

3 Invalid data digit, packed data 

uy Reserved code 

5 Reserved code 

6 Fullword or halfword alignment fault 


36 If the interrupt was caused by a halfword oor fullword 
alignment fault, register 12 of the Selected set is 
loaded with the non-aligned virtual address causing the 
fault. 


4. The data format fault interrupt new PSW becomes’ the 
current PSW. 
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The old PSW location counter presented to the interrupt service 
routine in register 15 points to the instruction being executed 
when the fault cccurred. A data format fault causes the current 
instruction, cr the current iteration of an interruptible 
instruction, to be aborted immediately. 


102.5626 1 Alignment Faults 


An attempt to fetch a fullword of data from memory, or to write 
a fullword of data to memory, using a program address which does 
not have zeros as its two least-significant bits, causes a 
fullword alignment fault. 


An attempt to write a halfword of data to memory, uSing a program 
address which does not have zero as its least significant bit, 
causes a halfword alignment fault. 


The Model 3220 Frocessor does not distinguish between fullword 
and halfword alignment faults. An alignment fault cannot occur 
during an instruction fetch on this processor. 


If an alignment fault occurs while attempting to write to memory, 
the fullword or halfword at the next lower aligned address may be 
modified. 


10.5-2e2 Invalid Digit Faults 


If an invalid sign or data digit is encountered while processing 
numeric string data, it is presumed that the data is not aligned 
to the specified fields. Additional information may be found in 
the description of the instruction used to process the numeric 


string. 


10.5.3 Memory Access Controller (MAC) Fault Interrupt 


The MAC fault interrupt occurs if an executing program violates 
any of the relocation and protection conditions programmed into. 
the Memory Access Controller (MAC). MAC error checking and the 
MAC fault interrupt are enabled when PSW bit 21 is seat. MAC 
faults are not queued. 


When a MAC fault interrupt occurs, the following actions are 
taken: 


1- The current PSW is stored in registers 14 and 15 of the 
set selected by the MAC fault interrupt new PSW found in 
memory at physical address X'000090'. 


2e Register 13 of the selected set is loaded with a code to 
indicate the reason for the interrupt. This code is 
copied from the MAC status register while simultaneousiy 
resetting the fault. 
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BINAKY CODE REASON FOR INTERRUPT 


Execute protect violation 
Write-interrupt 
Write-protect violation 
Non-present segment 

Segment limit field exceeded 


3. Register 12 of the selected set is loaded with the 
virtual address which caused the fault. 


4, If the fault occurred on a data fetch while attempting 
to load the general registers using the Load Multiple 
(LM) instruction, register 11 of the selected set is 


loaded with the effective second operand address 
calculated at the start of the LM instruction. 
Otherwise, if the reason code for the interrupt 


indicates only a write-interrupt condition, register 11 
of the selected set is loaded with the address of the 
instruction immediately following the one which 
successfully completed, even though it caused the 
interrupt. 


5. The MAC fault interrupt new PSW becomes the current PSW. 


The old PSW location counter presented to the interrupt service 
routine in register 15 points to the instruction being executed 
when the fault occurred. Note that although more than one bit 
may be set in the fault code, only one error is reported. If 
non-present segment is indicated, all other bits may be ignored. 


10.5.4 Machine Malfunction Interrupt 


The machine malfunction interrupt occurs when any of the 
following conditions are detected: 


Early power fail 

Power restore 

Non-correctable memory error 
Non-configured memory address 


Detection of the listed conditions and the machine malfunction 
interrupt are enabled when PSW bit 18 is set. Early power fail 
detect is queved until primary power fail occurs if PSW bit 18 is 
zeroe All other malfunction conditions are ignored, and the 
interrupts are lost. 


When a machine malfunction interrupt occurs, the following 
actions are taken: 


1- The current PSW is stored in memory beginning at 
physical address X*000020°. 
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2. The Machine Malfunction Status Word (MMSW) at physical 
address X‘'0O00040° is loaded with a code to indicate the 
reason for the interrupt. Only one bit is set in this 


codes: 
HIT 
NUMBER REASON FOR INTERRUPT 
0 PF - Power failure 
1 PR - Power restoration 
2 NCD - Non-correctable memory error 
during data fetch 
3 NCI - Non-correctable memory error 
during instruction fetch 
4 NCA - Non-correctable memory error 
during auto driver channel 
operation 
5 NVD - Non-configured memory address 
during data fetch 
6 NVI - Non-configured memory address 
during instruction fetch 
7 NVA - Non-configured memory address 
during auto driver channel 
operation 


36 Tf the interrupt was caused by a non-correctable memory 
error, or non-configured memory address, the virtual 
address used for the memory access is stored in the 
machine malfunction virtual address word at physical 
address X‘'O00044°. Otherwise, the contents of this word 
are undefined. 


4. If the interrupt was caused by a non-correctable emnory 
error, Or non-configured memory address, and the fault 
occurred on a data fetch while attempting to load the 
general registers using the LM instruction, the 
effective second operand address calculated at the start 
of that instruction is stored in the LM effective 
address word at physical address X‘'000902C*. Otherwise, 
the contents of this word are undefined. 


Ce The machine malfunction interrupt new PSW found at 
physical address X'0290038' becomes the new PSW. 


If the interrupt was caused by executing an instruction, the old 
PSW location counter presented to the interrupt service routine 
points to the offending instruction. Otherwise, the old PSW 
location counter presented to the interrupt service routine 
points to the instruction to be executed once the interrupt has 
been serviced. 
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If the interrupt was caused by executing the LM instruction, bits 
2 and 5 of the BFachine Malfunction Status Word (MMSW), may be 
used to determine if any registers were modified before the 
interrupt occurred. If the old PSW location counter points to an 
LM instruction, and if bits 2 and 5 of the MMSW are both zero, no 
registers were modified. If bit 2 or bit 5 of the MMSW is set, 
thens 


1e If the data stored at physical addresses xX*OO00044° and 
x*00002C° are equal to one another, no registers were 
modified by the instruction before the fault occurred. 


2- If the data stored at physical addresses x‘'OO0044U° = and 
X°O00002C°® are not equal to one another, at least one 
register was modified by the instruction before the 
fault occurred. The number of registers modified may be 
determined by taking the difference of the data stored 
at physical addresses X‘'000044'° and X*00002C’*, and 
dividing the result by four. 


01234567 29 


Figure 10-4 Machine Malfunction Status Word (MMSW) 


10.5-4.1 Early Power Fail Detect and Automatic Shutdown 


Early power fail detect occurs when the primary power failure 
sensor detects a low voltage; when the power switch is turned 
from the ON to STANDBY position; or when the INIT switch is 
depressed. 


At the end of execution of the current instruction or the current 
iteration of the current interruptible instruction, a machine 
malfunction interrupt is taken if PSW bit 18 is set. 


Following early power fail detect, software has one millisecond 
before the automatic shutdown procedure of the processor takes 
control as a result of Primary Power Fail. During this 
procedure, the following actions occur: 


1¢ The fullword power fail save area pointer is fetched 
from lccation X‘000084". 
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Ze The following information is saved by firmware in the 
power fail save area: 


OFFSET IN SAVE 
CATA AREA (IN BYTES) 


Current PSW 0-7 


The eight general register 
sets (in order, 0 through F) 8-519 


Interruptible instruction 
state (scratchpad registers) 520-583 


Floating-point registers, 
Single and double 584-679 


3. The precessor waits for power restore. 
NOTES 


1. If the processor is not equipped 
with the optional floating-point 
registers, the area between offsets 
584 and 679 is not used. 


Ze If the pointer found in location 
X¥*900084° does not specify 4a save 
area aligned to a fullword 
boundary, the processor forces 
correct alignment by replacing the 
2 least-signiticant bits of the 
pointer with ZeroSe The new 
pointer is stored in Memory 
location X‘°Q00084°', before the 
power-down sequence is performed. 


3. The floating-point masked mode bit 
in the PSW has no effect on the 
saving of the floating-point 
registers. 


4. The IIP bit has no effect on the 
saving of the scratchpad registerse 


10.5.4.2 Power Restore 


When power restcre occurs, a simple go/no go selftest of various 
internal buses and registers is performed. If the back-up supply 
voltages to memcry were not maintained within margins betwee2n 
shutdown and Fower restore, the first 256k bytes of memory are 
filled with a data pattern tO prevent spurious) non-correctable 
memory error indications, and the general registers, scratchpad 
registers, and floating-point registers are loaded with 
pre-determined data. 
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The first 256k bytes of memory are then tested to see if data can 
be held. This test does not modify the data contained in memory. 
Failure of selftest or the memory test causes that test to 
execute, as long as the failure persists. During the test, the 
processor is responsive only to a primary power fail which 
results in an automatic shutdown; and the FAULT lamp on the 
consolette switch panel is on. 


When memory testing is complete, the FAULT lamp is turned off, 
and the state of the optional Loader Storage Unit (LSU) is 
tested. If the LSU is not equipped, it is presumed to be 
disabled. In all cases, bit 1 of the machine malfunction status 
word at physical address X‘*000040° is set to indicate power 
restore. 


10.5-4.2.1 If the LSU is Disabled 


If the back-up voltages to memory were not maintained within 
Margins between shutdown and power restore, then memory is 
assumed not to contain valid data. In this case, a PSW status of 
*Q0008000° (wait bit only) and location counter of ‘OOOFFFFE* are 
loaded and displayed on the system console terminal. Manual 
intervention is required to restart the processor.e 


If the back-up voltages to memory were maintained, the data saved 
in the power fail Save area by the automatic shutdown procedure 
is reloaded. 


If the data in memory at physical address X'000028° indicates 
that the processor was in console mode when power failed, the 
reloaded PSW is displayed, and communication with the system 
console terminal resumes. 


If the processor was not in console mode when power failed, bit 
18 of the relcaded PSW is tested. If the bit is set, a machine 
malfunction interrupt occurs. 


If bit 18 of the reloaded PSW is zero, program execution is 
resumed using the reloaded PSW. Note that the state of the wait 
bit (bit 16) of the PSW is tested before executing any 
instruction. 


NOTE 


Data in the Memory Access Controller 
and Selector Channel control registers 
and writable control store is volatile, 
and must he considered invalid 
following any power fail/restore 
sequence. 


10.5.4.2.2 If the LSU is Enabled 


After the FAULT lamp is turned off, the program in the LSJ is 
loaded, and control is transferred to it, using the PSW specified 
in the program. If the memory start address is greater than the 
memory end address specified for the LSU program, the program is 
not loaded, and the console mode is entered. 
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10-5-4-3 Non-Correctable Memory Error 


During write operations to memory, an Error Correcting Code (FCC) 
is generated. This code enables the memory system to correct any 
single bit error detected on a subsequent read operation in each 
fullword of memory. If the operation is only a byte or halfword 
write to memory, the memory system reads and updates the error 
correcting code for the fullword of memory that contains the byte 
or halfword that is being written. 


Each time data is read from memory, the error correcting code is 
recreated and ccmpared to the code generated when data was last 
written to any part of the fullword memory location. If a data 
error is detected, and the error is a Single bit error, it is 
corrected transparent to the processor. If, however, a multiple 
bit error is detected, a memory malfunction fault is generated, 
since multiple Fit errors cannot be corrected. 


Note that data with three or nore bits in error may not result in 
a fault. Detection of any error causes a bit to be set in the 
optional error logger for subsequent readout uSing the REL 
instruction. 


A non-correctable memory error can be caused Dy performing a byte 
or halfword store to memory. This is possible because the data 
and ECC for the corresponding fullword are fetched so that a new 
ECC ccde may be generated. 


If PSW bit 18 ig zero when the error occurs, the error is 
ignored, but is logged in the optional error logger. 


If PSW bit 18 is set, occurrence of a non-correctable memory 
error causes the current instruction (or the current iteration of 
an interruptible instruction) to be immediately aborted; and a 
machine malfunction interrupt occurs. Bit 2, 3, or 4 of the 
machine malfunction status word at physical address K*000040° is 
set to indicate the reason for the interrupt. The virtual 
(program) address used for the memory access is stored in the 
machine malfunction address word at physical address X‘O00044". 


If the error occurs on a data fetch while attempting to load the 
general registers using the L™ instruction, the effective second 
operand address calculated at the start of the LM instruction is 
stored in the LM effective address word at physical address 
K*OQ000CZS This data allows the instruction to be simulated in 
the event specified index registers were modified. 


Lf the error occurs while fetching an instruction, the old PSW 
location counter, rresented to the interrupt service routine, 
points to the first halfword of the instruction being fetched. 


If the error occurs during an auto driver channel operation, 
registers 0O and 1of the set indicated by the old PSwW, presented 
to the interrupt service routine, contain the  PSW for the 
instruction interrupted by the I/0 interrupt that activated the 
channel. kxegister 4 of the set indicated contains the address of 
the CCB that was heing executed when the error occurred. 
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Since the errcr-correcting code is maintained ona fullword 
basis, if a multiple bit error is detected when a halfword or 
byte of a fullword is read or written, it is not possible to 
determine which bits are in error. Therefore, a reference to any 
portion of a fullword that contains multiple bit errors may caus 
a memory malfunction, even though the incorrect bits might not ve 
in the portion cf the fullword being accessed. (References to 
memory made by look-ahead buffers or caches do not cause memory 
malfunction interrupts until the fullword that is in error is 
actually used by the currently executing instruction.) 


10-5-4-4 Non-Configured Memory Address 


The Model 3220 Frocessor tests the physical address used for each 
memory access, if PSW bit 18 is set. When access to memory 
physically not in the system is attempted, a machine malfunction 
interrupt occurs. The current instruction (or the current 
iteration of an interruptible instruction) is immediately 
aborted. Bit 5, 6, or 7 of the machine malfunction status word 
at physical address X*000040° is set to indicate the reason for 
the interrupt. The virtual (program) address used for the memory 
access is stored in the machine malfunction address word at 
physical address X*000044". 


If the error occurs on a data fetch while attempting to load the 
general registers using the LM instruction, the effective second 
operand address calculated at the start of the LM instruction is 
stored in the LM effective address word at physical address 
X'O00002C°. This data allows the instruction to be Simulated in 
the event specified index registers were modifieil. 


If the error occurs while fetching an instruction, the old PpSwW 
location counter, presented to the interrupt service routine, 
points to the first halfword of the instruction being fetched. 


If the error occurs during an auto driver channel operation, 
registers 0Oand1 of the set indicated by the old PSW, presented 
to the interrurt service routine, contain the PSW for the 
instruction interrupted by the I/O interrupt that activated the 
channel. Register 4&4 of the indicated set contains the address of 
the CCB that was being executed when the error occurred. 


Accesses to memcry made by look-ahead buffers or caches do not 
cause non-configured memory address interrupts until an attempt 
to access non-cenfigured memory is actually made by the executing 
program. For the Model 3220 Processor equipped with the optional 
high-speed cache, only a memory access’) resulting in the 
invalidation of a block of cache memory, and an actual attempt by 
the cache to validate that blcck by accessing non-configured main 
memory, results in a non-configured memory address machine 
malfunction interrupt. Subsequent accesses to the same cache 
block may give no error indication as a result of the 
non-ccnfigured memory address, until the cache again attempts to 
validate the bleck. 


CAUTION 


FOR THE MODEL 3220 PROCESSOR WITH THE 
HIGH-SPEED CACHE OPTION, IT Is 
IMPORTANT THAT SOFTWARE ALWAYS RUN WITH 
THE MACHINE MALFUNCTION INTERRUPT 
ENABLED. 
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10.5.5 Input/Output Device (I/0) Interrupts 


10.5.&.1 Priority Levels 


Interrupt requests from I/0 devices may occur on any of four 
priority levels. Level 0 is the highest priority level; level 3 
is the lowest priority level. Acknowledgement of interrupt 
requests on the various priority levels is enabled by PSW bits 17 
and 20, as shown in the following table: 


PSW BIT 17 PSW BIT 20 MEANING 
0 0 All levels disabled 
0 1 Higher priority levels enabled 
1 9) All priority levels enabled 
1 1 Current and higher priority 


levels enabled 


A unique register set is selected for I/0 interrupt requests 
acknowledged on each priority level. For example, when an 
interrupt request is acknowledged at priority level 3, register 
set 3 is selected by the processor for handling the interrupt 
request. If the request results in entry to a software interrupt 
service routine, register set 3 is selected by the PSW in effect 
at the time the routine is entered, and information pertaining to 
the interrupt is contained in registers 0 to 3 or 0 to 4 of that 
set. 


The current priority level is determined by bits 24:27 (the 
register select field) of the current PSW. For example, if set 
3 is currently selected, levels 2, 1, and 0 are higher  opriority 
levels, and level 3 is the current priority level. Tf PSW bit 17 
is zero and PSW bit 20 is set, an I/O interrupt request occurring 
on level 2, 1, or 0 is acknowledged, but a request occurring on 
level 3 is not acknowledged. 


In this example, if PSW bits 17 and 20 are poth set (the PSW 
status is X‘*4830'), the interrupt request on level 3 is also 
acknowledged. 


If a register set other than 0, 1, 2, or 3 is selected by the 
current PSW, all I/0 interrupt requests are considered to be 
higher-priority requests, and will be acknowledged if either PSW 
bit 17 or bit 20 is set. 
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Enabling of interrupts on the various levels is shown in detail 
in Table 10-1. When an interrupt request occurs, but is not 
acknowledged by the processor, the request remains queued until 
one of the following occurs: 


4.6 The interrupt request is acknowledged by the processor 
when enabled by the current PSW. 


26 The interrupt request is programmed reset by the 
software. 


3. System initialization occurs. 


When the processor acknowledges an I/0 interrupt request, the 
result may be either an auto driver channel operation, or an 
immediate interrupt. In either case, the registar set associated 
With the priority level, on which the interrupt is acknowledged, 
is used in processing the interrupt. 


For further information on programming a device interrupt request 
reset, refer to the programming manual for the specific device. 
This feature is not available for all I/O devices. 


10.5.&.2 Immediate Interrupt - Auto Driver Channel Operation 
An interrupt request by an I/90 device at one of the four 
interrupt priority levels is acknowledged only when interrupts 


are enabled for that level, as defined by the status of PSW bits 
17 and 20, and the selected register set. 
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TABLE 10-1 INTERRUPT PRIORITY LEVEL/REGISTER SET SUMMARY 


PSH CURRENT 
BITS | REGISTER SET 
17-20 
0 O ANY SET 
0 1 0 
0 1 1 
0 1 2 
0 1 3 
0 1 4 
0 1 5 
0 1 6 
0 1 F 
1 0 ANY SET 
1 1 0 
1 1 1 
1 1 2 
1 1 3 
1 1 4 
1 1 5 
1 1 6 
1 1 F 
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EXTERNAL INTERRUPT LEVEL ENABLED 


LEVEL 0 


NO 


LEVEL 1 


NO 
NO 
NO 
YES 
YES 
YES 
bie 
YES 


YES 


YES 
NO 

YES 
YES 
YES 
TES 
YES 
LES 
YES 


LEVEL 2 


NO 
NO 
NO 
NO 
YES 
YES 
LES 
YES 


YES 


YES 
NO 

NO 

YES 
YES 
YES 
YES 
YES 
YES 


LEVEL 3 


NO 
NO 
NO 
NO 


YES 
YES 
YES 
YES 


YES 
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The processor recognizes I/O interrupts between the execution of 
instructions, cr at the end of an iteration of an interruptible 
instruction. When an I/O interrupt is recognized, the following 
actions occur: 


1. The current PSW is saved in registers 0 and 1 of the new 
set selected by the interrupt level. (PSW bits 0:31 are 
saved in register 0 and bits 32:63 in register 1.) 


2e The °PSW status word is loaded with the value 
Y¥°QOO0O0ZRNO0’, where N specifies the new register set. 
This status enables higher level I/O interrupts and 
machine malfunction interrupts. Also note that memory 
address tranSlation is disabled. 


3. The I/O interrupt request is acknowledged and reset. 
The address of the interrupting device is placed in 
register 2 of the selected set. The status byte from 
the interrupting device replaces the contents of 
register 3. The device number and status are placed in 
the least significant bit positions in the register; the 
most significant bits are forced to zero. The four 
least significant bits of the status of the interrupting 
device are placed in the condition code. 


u,. The device number is added twice to X'O0000D0° (the start 
of the interrupt service pointer table) to obtain the 
address within the table that corresponds to. the 
interrupting device. The contents of this halfword of 
memory are fetched and examined to see if the interrupt 
is to ke treated as an immediate interrupt or aS an 
auto-driver channel operaticn. If bit 15 of the 
halfword is zero, an immediate interrupt is required. 
If bit 15-of the halfword is one (the halfword is odd), 
an autc-driver channel operation is required. If the 
interrupt is an immediate interrupt, the value in the 
table becomes the location counter portion of the 
current PSW. If the interrupt is an auto-driver channel 


operation, then the least significant bit of the 
halfword is replaced by zero and the resulting value is 
placed in register 4&4 of the selected set. The 


auto-driver channel is then activated. 


10.-.5-€ Simulated Interrupt 


The simulated interrupt results from executing a Simulate 
Interrupt (SINT) instruction when PSW bit 23 is zero. SINT is a 
privileged instruction, and may not be executed when PSW bit 23 
is set. 


Execution of the SINT instruction causes the processor to 
simulate acknowledgement of an enabled I/0 interrupt request from 
an external device. The device address and interrupt level for 
the simulated interrupt are specified by the operands of the SINT 
instruction. 
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The states of PSW bits 17 and 20, normally used to enable and 
disable the various I/0 interrupt levels, are ignored by the SINT 
instruction. For purposes of the simulated interrupt, I/0 
interrupts at all priority levels are assumed to be enabled. No 
pending device interrupt request is actually acknowledged by the 
processor as a result of executing the SINT instruction. With 
the exception of the differences described here, the simulated 
interrupt request is handled as detailed in paragraph 10.5.5. 


CAUTION 


DUE TO THE FACT THAT THE SINT INSTRUCTION 
IGNORES THE STATES OF PSW BITS 17 AND 20, IT 
SHOULD BE USED CAREFULLY BY PROGRAMS WHICH 
RUN IN REGISTER SETS 0, 1, 24 OR 3-6 FOR 
EXAMPLE, IF A PROGRAM EXFCUTING IN REGISTER 
SET 2 ENABLES ONLY HIGHER-LEVEL INTERRUPTS, 
DATA IN THE REGISTERS OF SET 2 ARE NOT 
NORMALLY SUBJECT TO CHANGE AS A RESULT OF AN 
T/0 INTERRUPT. HOWEVER, IF THE PROGRAM 
EXECUTING IN REGISTER SET 2 DOES A_ SINT 
CAUSING INTERRUPT LEVEL 3 (AND REGISTER SET 
3) TO RE SELFCTED, THE NEW PSW LOADED BY THE 
PROCESSOR CAUSES INTERRUPTS AT LEVELS 2, 1, 
AND 0 TO BE ENABLED. IF AN I/0 INTERRUPT 
REQUEST AT LEVEL 2 OCCURRED, IT WOULD BE 
HONORED, CAUSING REGISTERS 0, 1, 2, AND 3 
(AND FERHAPS 4) OF SET 2 TO BE OVERWRITTEN. 


IF THESE REGISTERS ARE NOT STORED BEFORE THE 
SINT INSTRUCTION IS EXECUTED, DATA IN THE 
REGISTERS IS LOST, AND SYSTEM SOFTWARE COULD 
BE LEFT IN AN INDETERMINATE STATE. 


The simulated interrupt is a software interrupt. 


1025.7 System Cueuve Service (SQS) Interrupt 


When any of the instructions listed below is executed, as_ the 
instruction completes, hit 22 of the new PSW loaded by the 
instruction is tested. If the bit is zero, the SQS interrupt is 
disabled, and program execution continues according to the new 
PSW lcaded. 


MNEMONIC MEANING 

EPSR Exchange Program Status Register 
LEPS Load Process State 

LPSW Load Program Status Word 

LPSWR Load Program Status Word Register 


29-693 ROO 1/79 10-29 


If bit 22 of the new PSW loaded by any of these instructions is 
set, the state of the system queue (whose physical address is 
found at physical location X‘'0Q00080') is tested. The system 
queue is assumed to be maintained according to the circular list 
formate The number used field is fetched from the list header. 
If this field contains zero, the system queve is assumed to be 
empty, and program execution continues according to the new PSW 
loaded. 


If the number used field for the system queve is not zero when it 
is tested, the following actions are taken to cause an SQS 
interrupt: 


1. The current PSW, which was loaded by execution of one of 
the listed instructions, is stored in registers 14 and 
15 of the set selected by the SQS interrupt new PSW 
found in memory at physical address X‘000088°. 


2e Register 13 of the selected set is loaded with the 
address of the system queue. 


3. The SOS interrupt new PSW becomes the current PSW. 


If the SQS interrupt occurs as a result of executing an EPSR 
instruction, the old PSW location counter presented to the 
interrupt service routine in register 15 points to the 
instruction following the EPSR instruction. If the interrupt 
occurs as a result of executing any of the other listed 
instructions, the old PSW location counter contains the value 
loaded by the instruction causing the interrupt. 


Items may be added to the system queue while the SQS interrupt is 
enabled or disabled. The Add to Top of List (ATL) and Add _ to 
Bottom of List (ABL) instructions are normally used for this 
purpose. The fact that the items have been added to the system 
queue is recorded in the list header. Only when a new PSW is 
loaded which enables the SQS interrupt, is the state of the queve 
tested, and an interrupt allowed. 


The system queue has a maximum size, as determined by the list 
header established by system software. If an attempt is made to 
add an item to the queve when it is already full, the data may be 


lost. This could result in system software being left in an 
indeterminate state. 


Note that the address of the system queue contained in the system 
queue pointer must be aligned to a fullword boundary. 


See the section on Status Switching Instructions for a 
description of the EPSR, LDPS, LPSW, and LPSWR instructions. 


The SOS interrupt is a deferred synchronous software interrupt. 


10.5.8 Supervisor Call (SVC) Interrupt 


The Supervisor Call (SVC) interrupt occurs’ when the SVC 
instruction is executed. This instruction and the resulting 
interrupt provide a means for any program to communicate with 
system software. 
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The states of PSW bits 17 and 20, normally used to enable and 
disable the various I/O interrupt levels, are ignored by the SINT 
instruction. For purposes of the simulated interrupt, I/o 
interrupts at all priority levels are assumed to be enabled. No 
pending device interrupt request is actually acknowledged by the 
processor as a result of executing the SINT instruction. With 
the exception of the differences described here, the simulated 
interrupt request is handled as detailed in paragraph 10.5.5. 


CAUTION 


DUE TO THE FACT THAT THE SINT INSTRUCTION 
IGNORES THE STATES OF PSW BITS 17 AND 20, IT 
SHOULD BE USED CAREFULLY BY PROGRAMS WHICH 
RUN IN REGISTER SETS 0, 1, 2, OR 3 FOR 
EXAMPLE, IF A PROGRAM EXECUTING IN REGISTER 
SET 2 ENABLES ONLY HIGHER-LEVEL INTERRUPTS, 
DATA IN THE REGISTERS OF SET 2 ARE NOT 
NORMALLY SUBJECT TO CHANGE AS A RESULT OF AN 
I/0 INTERRUPT. HOWEVER, IF THE PROGRAM 
EXECUTING IN REGISTER SET 2 DOES A_ SINT 
CAUSING INTERRUPT LEVEL 3 (CAND REGISTER SET 
3) TO RE SELECTED, THE NEW PSW LOADED BY THE 
PROCESSOR CAUSES INTERRUPTS AT LEVELS 2, 1, 
AND 0 TO BE ENABLED. IF AN I/0 INTERRUPT 
REQUEST AT LEVEL 2 OCCURRED, IT WOULD BE 
HONORED, CAUSING REGISTERS 0, 1, 2, AND 3 
(AND FERHAPS 4) OF SET 2 TO BE OVERWRITTEN. 


IF THESE REGISTERS ARE NOT STORED BEFORE THE 
SINT INSTRUCTION IS EXECUTEL, DATA IN THE 
REGISTERS IS LOST, AND SYSTEM SOFTWARE COULD 
BE LEFT IN AN INDETERMINATE STATE. 


The simulated interrupt is a software interrupt. 


10.5.7 System Cueue Service (SQS) Interrupt 


When any of the instructions listed below is executed, as_ the 
instruction completes, hit 22 of the new PSW loaded by the 
instruction is tested. If the bit is zero, the SQS interrupt is 
disabled, and program execution continues according to the new 
PSW lcaded. 


MNEMONIC MEANING 

EPSR Exchange Program Status Register 
LEPS Load Process State 

LPSW Load Program Status Word 

LPSWR Load Program Status Word Register 
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If bit 22 of the new PSW loaded by any of these instructions is 
set, the state of the system queue (whose physical address is 
found at physical location X‘'000080') is tested. The system 
queue is assumed to be maintained according to the circular list 
format. The number used field is fetched from the list header. 
If this field contains zero, the system queue is assumed to be 
empty, and program execution continues according to the new PSW 
loaded. 


If the number used field for the system queve is not zero when it 
is tested, the following actions are taken to cause an SQS 
interrupts: 


1. The current PSW, which was loaded by execution of one of 
the listed instructions, is stored in registers 14 and 
15 of the set selected by the SQS interrupt new PSW 
found in memory at physical address X‘*000088". 


2e Register 13 of the selected set is loaded with the 
address of the system queue. 


36 The SOS interrupt new PSW becomes the current PSW. 


If the SOS interrupt occurs as a result of executing an EPSR 
instruction, the old PSW location counter presented to the 
interrupt service routine in register 15 points to the 
instruction following the EPSR instruction. If the interrupt 
occurs aS a result of executing any of the other listed 
instructions, the old PSW location counter contains the value 
loaded by the instruction causing the interrupt. 


Items may be added to the system queue while the SQS interrupt is 
enabled or disabled. The Add to Top of List (ATL) and Add _ to 
Bottom of List (ABL) instructions are normally used for this 
purpose. The fact that the items have been added to the system 
queue is recorded in the list header. Only when a new PSW is 
loaded which enables the SQS interrupt, is the state of the queue 
tested, and an interrupt allowed. 


The system queue has a maximum size, as determined by the list 
header established by system software. If an attempt is made to 
add an item to the queve when it is already full, the data may be 
lost. This could result in system software being left in an 
indeterminate state. 


Note that the address of the system queue contained in the system 
queue pointer must be aligned to a fullword boundary. 


See the section on Status Switching Instructions for a 
description of the EPSR, LDPS, LPSW, and LPSWR instructions. 


The SOS interrupt is a deferred synchronous software interrupt. 


10.5.8 Supervisor Call (SVC) Interrupt 


The Supervisor Call (SVC) interrupt occurs’ when the SVC 
instruction is executed. This instruction and the resulting 
interrupt provide a means for any program to communicate with 
system software. 
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When the SVC instruction is executed, the processor takes the 
following actions: 


1. The current PSW is saved in registers 14 and 15 of tthe 
set selected by the SVC interrupt new PSW found in 
memory at phySical address X‘000098°. 


2e Register 13 of the selected set is loaded with the 
effective second operand address calculated for the SVC 
instruction executed. This is normally the address of 
an SVC parameter block, aligned to a fullword boundary. 


36 The SVC interrupt new PSW becomes the current PSH, with 
a new LOC value chosen from the table at physical 
locaticn X°9C°*. 


The old PSW location counter presented to the interrupt service 
routine in register 15 points to the instruction following the 
SVC instruction. 


The SVC interrugt is a software interrupt and cannot be disabled. 


10.5.9 System Ereakpoint Interrupt 


A system breakpcint results if a Breakpoint (BRK) instruction is 
executed when PSW bit 23 is zeroe BRK is a privileged 
instruction, and may not be executed when PSW bit 23 is set. 


Fxecution of the BRK instruction causes the processor to enter 
the console mcde. In this mode, the processor is dedicated t9 
communication with the system console terminal. Various 
registers and memory locations may be examined or modified by the 
user from the system console terminal while in this mode. 


When the BRK instruction is executed, no registers or memory 
locations are mcdified. The PSW status and location counter are 
not modified ty the BRK instruction. The location counter, at 
entry to the console mode, points to the BRK instruction. 


When the run mode is entered from the console mode, PSW bit 16 is 
forced to zero, so that an instruction is fetched and executed. 
If the run mode is entered immediately after a BRK instruction is 
executed, the same BRK instruction results in another system 
breakpoint. 


The system breakpoint interrupt is a software interrupt. 


10.5.10 Arithmetic Fault Interrupt 


The arithmetic fault interrupt results from either a fixed-point 
or a floating-point arithmetic operation, when the magnitude of 
the result is tco large to be represented Within the required 
number of bits. Division by zero is a special case, anid always 
results in an arithmetic fault interrupt. Interrupts for any of 
these reasons cannot be disabled. 


Floating-roint underflow occurs when the normalized result of a 
floating-point load, conversion, or other arithmetic operation is 
not zero, but iS so small that it cannot be represented within 
the floating-point number system defined for the processor. 
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If -PSW bit 19 is zero when floating-point underflow occurs, no’ 
arithmetic fault interrupt results. In this case, the result of 
the operation is set to “true zero". This means that every bit 
of the result is forced to zero as the result is copied to its 
destination. If PSW bit 19 is set when floating-point underflow 
occurs, an arithmetic fault interrupt does occur. 


When an arithmetic fault interrupt occurs, the following actions 
are taken: 


1. The instruction causing the interrupt is aborted before 
the data in any register or memory location is modified. 


2e The current PSW is stored in registers 14 and 15 of the 
set selected by the arithmetic fault interrupt new PSW 
found in memory at physical address X‘*000048°. 


3 Register 13 of the selected set is loaded with a code to 
indicate the reason for the interrupt: 


CCDE REASON FOR INTERRUPT 


C Fixed-point division by zero 

1 Fixed-point quotient overflow 

2 Floating-point division by zero 

3 Floating-point exponent underflow 
4 Floating-point exponent overflow 


ue Register 12 of the selected set is loaded with the 
address of the instruction following the instruction 
causing the interrupt. 


5e The arithmetic fault interrupt new PSW becomes’ the 
current PSW. 


The old PSW location counter presented to the interrupt service 


routine in register 15 points to the instruction that caused the 
interrupt. 


10.6 STATUS SWITCHING INSTRUCTIONS 


Status switching instructions provide for software control of the 


system's interrupt structure. They also allow user level 
programs to ccmmunicate efficiently with control software. All 
Status Switching instructions, except the supervisor call 


instruction, are privileged operations. Therefore, all interrupt 
handling routines must run in the supervisor mode. 


The status switching instruction described in this section are: 


10-621 LPSW Load Program Status Word 

10.5-2 LPSWR Load Program Status Word Register 
10.6.3 EPSR Exchange Program Status Register 
10-6.4 SINT Simulate Interrupt 

10.5.5 SVC Supervisor Call 

10.6.6 BRK System Breakpoint 

10.6.7 PSE Privileged System Function 
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10.621 Load Program Status Word (LPSW) 


Assembler Notation Op-Code Format 
LPSW D2(X2) C2 RX1,RX2 
LPSW A2(FX2,SX2) C2 RX3 

Operation 


The 64-bit second operand replaces the current PSW. 


Condition Code 


Determined by the new PSW (bits 28:31). 


Programming Notes 

The R1 field of this instruction must be zero. 

The second operand must be aligned to a fullword boundary. 
This instruction is a privileged operation. 


This instruction may be used to change register sets. The new 
set becomes active for execution of the next instruction. 


If bit 22 of the new PSW is set, the state of the system queue is 
tested. If the queue is non-empty, a System Queue Service (SQS) 
interrupt occurs. In this case, the newly-~loaded PSW is saved as 
the old PSW when the SQS interrupt occurs. 


29-692 ROO 1/79 10-33 


10.6.2 Load Pregram Status Word Register (LPSWR) 


Assembler Notation Op-Code Format 


LPSWR R2 18 RR 


Operation 

The contents of the register specified by R2 replace bits 0:31 of 
the current PSW. The contents of the register speciried by R2+1 
replace bits 32:63 of the current PSW. 


Condition Code 


Determined by the new PSW (bits 28:31). 


Programming Notes 
The R1 field of this instruction must be zero. 


The R2 field of this instruction must specify an even-numbered 
register. 


This instruction may be used to change register setSe The new 
set becomes active for execution of the next instruction. ; 


This instruction is a privileged operation. 
If bit 22 of the new PSW is set, the state of the system queve is 
tested. If the queve is non-empty, a System Queue Service (SQS) 


interrupt occurs. In this case, the newly-loaded PSW is saved as 
the old PSW when the SOS interrupt occurs. 
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10.6.3 Exchange Program Status Register (EPSR) 


Assembler Notation Op-Code Format 
EPSR R1,R2 95 RR 


Operation 

Bits 0:31 of the current PSW replace the contents of the register 
specified by R1. The contents of the register specified by R2 
then replace bits 0:31 of the current PSW. 


Condition Code 


Determined by the new PSW (bits 28:31). 


Programming Notes 

R1 and R2 may specify any general-purpose registers. 

If R1 and R2 specify the same register, bits 0:31 of the current 
PSW are copied into the register specified by R2, but otherwise 


remain unchanged. 


This instruction may be used to change register sets. The new 
set becomes active for execution of the next instruction. 


This instruction is a privileged operation. 


If bit 22 of the new PSW is set, the state of the system queue is 
tested. If the queue is non-empty, a System Queue Service (SQS) 
interrupt occurs. In this case, the newly-loaded PSW is saved as 
the old PSW when the SOS interrupt occurs. 
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10.6.4 Simulate Interrupt (SINT) 


Assembler Notation Op-Code Format 
SINT I2(X2) E2 RT14 
SINT R1,12(X2) E2 RT1 


Operation 


The least significant 10 bits of the second operand are presented 
to the interrupt handler as a device number. The device number 
is used to index into the interrupt service pointer table, when 
simulating an interrupt request from an external device. The 
result is either an immediate interrupt or an auto-driver channel 
operation. 


Condition Code 


Determined by the status of the address device, in the case of 
the immediate interrupt, Or set by the auto-driver channel at 
termination. 


Programming Notes 


If the R1 field of this instruction is not specified or contains 
Zero, it is assumed that an interrupt from level 0 is required, 
and register set 0 is selected. 


If the R1 field of the instruction is non-zero, the least 
Significant 4 bits of the register specified by R1 designate the 
new register set, and consequently the new interrrupt level. 


This instruction is a privileged operation. 


This instruction causes the processor to load registers 9 through 
3, or 0 through 4, of the new set as for a real interrupt 
request. 


During the execution of this instruction, 'the device is addressed 
and the status Lyte iS returned in register 3 of the new set. 


If the specified device does not respond to the status request, 
register 3 of the new set contains X*00000004' due to time-out. 
If an immediate interrupt is being simulated, the V flag is also 
set in the condition code as a result of the time-out. 


The SINT instruction does not cause any pending interrupt to be 
acknowledged. 
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10.6.5 Supervisor Call (SVC) 


Assembler Notation | Op-Code Format 
SVC N,D2(X2Z) E1 RX1, RX2 
SVC N,A2(FX2,SX2) E 1 RX3 


Operation 


The second operand (normally the program address of an SVC 
parameter block) replaces bits 8:31 of register 13 of the set 
designated by the supervisor call new PSW status. Bits 0:7 of 
this register are forced to zero. The current PSW replaces the 
contents of registers 14 and 15 of that set. The fullword 
quantity located at ¥'000098° in memory replaces bits 0:31 of the 
current PSW. The 4U-bit N field is doubled and added with 
X*O00009C*. The halfword quantity located at the resultant 
address becomes the current location counter. 


Condition Code 


Determined by the new PSW (bits 28:31). 


Programming Note 


This instruction provides a means to switch from the protect mode 
to the superviscr mode. It is used by a program running under an 
operating system to initiate certain functions in the supervisor 
programe. The second operand address is normally a pointer to the 
memory location of parameters needed by the supervisor program to 
perform the spfecified function. Such a pointer must indicate a 
parameter block aligned to a fullword boundary. The type of 
Supervisor call is specified in the N field of the instruction. 
Sixteen different calls are provided for. Return from the 
supervisor is made by executing an LPSWR instruction specifying 
the stored old FSW in registers 14 and 15 of the set selected by 
the Supervisor Call interrupt new PSW (LPSWR R14). 


29-692 ROO 1/79 10-37 


10.6.6 System Breakpoint (BRK) 


Assembler Notation Op-Code 
BRK 88 
Operation 


The BRK instruction causes the processor to 
mode. 


Programming Notes 
The lccation counter is not incremented. 


This instruction is a privileged instruction. 
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Format 


SF 


enter the console 
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10.6.5 Supervisor Call (SVC) 


Assembler Notation Op-Code Format 
SVC N,D2(X2Z) E1 RX1, RX2 
SVC N,A2(0FX2,SX2) E14 RX3 

Operation 


The second operand (normally the program address of an SVC 
parameter block) replaces bits 8:31 of register 13 of the set 
designated by the supervisor call new PSW status. Bits 0:7 of 
this register are forced to zero. The current PSW replaces the 
contents of registers 14 and 15 of that set. The fullword 
quantity located at ¥*000098° in memory replaces bits 0:31 of the 
current PSW. The 4-bit N field is doubled and added with 
X°OO009C°. The halfword quantity located at the resultant 
address becomes the current location counter. 


Condition Code 


Determined by the new PSW (bits 28:31). 


Programming Note 


This instruction provides a means to switch from the protect mode 
to the superviscr mode. It is used by a program running under an 
operating system to initiate certain functions in the supervisor 
programe The Second operand address iS normally a pointer to the 
memory location of parameters needed by the supervisor program to 
perform the srecified function. Such a pointer must indicate a 
parameter block aligned to a fullword boundary. The type of 
supervisor call is specified in the N field of the instruction. 
Sixteen different calls are provided for. Return from the 
supervisor is made by executing an LPSWR instruction specifying 
the stored old FSW in registers 14 and 15 of the set selected by 
the Supervisor Call interrupt new PSW (LPSWR R14). 
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10.6.6 System Breakpoint (BRK) 


Assembler Notation Op-Code 
BRK 88 
Operation 


The BRK instruction causes the processor to 
mode. 


Programming Notes 
The lccation counter is not incremented. 


This instruction is a privileged instruction. 
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Format 


enter the console 


29-693 ROO 1/79 


10.6.7 Privileged System Function (PSF) 


Assembler Notation Op-Code Format 
PSF N,D2(X2) DF RX1,RX2 
PSF N,A2CFX2,SX2) DF RX3 


Operation 


The PSF instruction may perform any one of 16 functions, as 
specified by the value contained in the N field. The assembler 
recognizes extended mnemonics which cause the proper value to be 
specified in the N field of this instruction. The nature of the 
specified function may vary from processor to processor. The 
following paragraphs detail PSF operations performed by this 
procesSOre 


EXTENDED 
PSF 
VALUE OF N MNEMONIC MEANING 
0 REL Read Error Logger 
1 LPSTD Load Process Segment Table Descriptor 
2 SSTD Load Shared Segment Table Descriptor 
3 STPS Store Process State 
4 LOPS Load Process State 
eS ISSV Save Interruptible State 
6 ISRST Restore Interruptible State 
7 KOLe Store Byte, no ECC 


Programming ote 


This instruction is a privileged instruction. 
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10.6e7-1 Read Error Logger (REL) 


Assembler Notation Op-Code Format 
REL R2 DFO RX 1 
(see programming 
notes) 


Operation 
The register specified by R2 contains an error logger address. 


Error logger data at this address is read and placed in the 
register specified by R2+1. 


The format of the error logger address is: 


7 8 9 10 13 14 1516 18 19 20 
se 
BITS MNEMONIC USE. 
0-7 RESERVED must be zero 
8-9 B bank - must be zero 
10-13 M module - selects one of sixteen 256kb 


memory modules 


14-15 c column - selects one of four columns 
of 64k bytes 


v4} 


16-18 syndrome - a syndrome code modulo 24. 


The 16 Syndrome bits at 


c 
p40 
W) 
A 
rs 
e 
r 
t 
U 
i) 
a 
rt 
it 
re 
t 
A. 
re 
° 


19 x error -~ if the X bit is zero, the 
check error logger data at the 

address specified by (B,M,C,5S) 
is read. If the X bit is set, 
the state of the error bit for 
the bank specified by Bis 
read, and the bit is then 
forced to zero. 


20-31 RESERVED must be zero 
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The format of the data read from the error logger is: 


0 15 16 31 
wheres: 
So = bit in the error logger corresponding to the syndrome 


code address selected 


Sp = bit in the error logger corresponding to the syndrome 
code address selected plus X'F'. 


If the X bit is set, the condition code returned indicates either 
negative (L flag set), or not negative. If the L flag is not 
returned, no error bits are set in the error logger for the 
selected bank. If the L flay is set, at least one error bit is 
set in the error logger for the selected bank. 


Condition Code 


No error bits in the selected bank 
At least one error bit in the selected bank 


Programming Notes 


The R2 field of this instruction must specify an even-numbered 
register. 


PEL generates an RX1 format instruction, in which the 
displacement field is always zero. 


REL is an extended PSF mnemonic. 


This instruction is a privileged instruction. 
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10.6.7-2 Load Process Segment Table Descriptor (LPSTD) 


Assembler Notation Op-Code Format 
LPSTD D2(X2) DF 1 RX1,RX2 
LPSTD A2(FX2,SX2) DF1 RX3 


Operation 


The second operand address points to a fullword Process Segment 
Table Descriptor (PSTD), which has the following format: 


0 7 8 31 


MAC ADDRESS OF SEGMENT TABLE 


Bits 0:7 (MAC) of the descriptor contain digits which indicate 
the physical memory address to be used when loading segmentation 
register 0 of the Memory Access Controller. 


MAC ADDRESS VALID MAC FIELD 
X* 300° X*03° 
k*5C0° heO'5. 
X°9CO° X*Q9° 


The 16 fullworde of data in the segment table are loaded into the 
16 Memory Access Controller (MAC) segmentation registers, 
Starting with segmentation register zero. This data is used in 
translation of program addresses from virtual to physical address 
space when PSW bit 21 is set at some later time. 


Condition Code 


Unchanged 


Programming Notes 
The operand address must be aligned to a fullword boundary. 


The MAC segmentation registers may be loaded only when PSW bit 21 
is zero. 


The correct value, X*03°, X°05°, or X°O9° MUST be used in the MAC 
field of the PSTD used by this instruction. 


This instruction is a privileged instruction. 


LPSTD is an extended PSF mnemonic. 
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10-6e7.-3 Load Shared Segment Table Descriptor (LSSTD) 


Assembler Notation Or-Code 
LSSTD D2(X2) DF2 
LSSTD A2(FX2,SX2) DF2 


Operation 


As shared segment tables are not provided 
this instruction performs no operation. 


Condition Code 


Unchanged 


Programming Notes 


Format 


RX1 
RX 3 


for 


This instruction is a privileged instruction. 


LSSTD is an extended PSF mnemonic. 
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this 


DrOceSSOL, 
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10.6.7.4 Store Process State (STPS) 


Assembler Notation Op-Code Format 
STPS D2(X2) DF 3 RX1,RX2 
STPS A2(FX2,SX2Z) DF 3 RX3 
Operation 


The process state, defined by the old PSW in registers 14 and 15 
of the current set, is saved in the area of memory whose starting 
address is specified by the operand. The area has the following 
format: 


NORMAL OFFSET (BYTES) STORED DATA 
0-7 Process PSWw 
= 14 Reserved - not used 
42=75 Process general registers 
76> 139 Process interruptible state 
1490-235 Single and double precision 


floating-point registers 


Condition Code 


Unchanged 


Programming Notes 

The ogerand address must be aligned to a fullwori boundary. 
This instruction is a privileged instruction. 

STPS is an extended PSF mnemonic. 


The process general register set is selectei by the old PSW in 
register 14 when this instruction 1s executed. 


If bit 14 of the process PSW in register 14 is zero, the process 
interruptible state is not saved, and the save area iS compacted 
accordingly. In this case, the process‘ floating point registers 
are saved beginning at an offset of 76 bytes from the specified 
operand address. 


If bit 13 of the process PSW in register 14 is set, or if the 
processor is not equipped with floating-point registers, then 
floating-point registers are not saved, and the save area is 
compacted accordingly. 
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10.6-7-5 Load Process State (LDPS) 


Assembler Notation On-Code Format 
LDPS D2(¥2) DF4& RX1,RX2 
LDPS A2(FK2,SX2) DF4 RX3 


Operation 


Data from the area of memory specified by the operand replaces 
the current process state. The area has the following format: 


NORMAL OFFSET (BYTES) STORED DATA 
0-7 Process PSd 
8-11 Process segment table descriptor 
i EP soe is: Process general registers 
76-1439 Process interruptible state (if 


bit 14 in saved PSW is set) 


140-235 Process single precision and 
double precision floating-point 
registers (if bit 13 in saved 
PSW is zero) 


The new PSW at the operand address specifies the general register 
set which is loaded from the save areae If bit 14 of the new PSWw 
is set, the interruptible state is loaded from the save area. If 
bit 13 of the new PSW is zero, and the processor is equipped with 
floating-point registers, then the single and double precision 
floating-point registers ar2 loaded from the save area. If bit 
21 of the new PSwW is set, the data indicated by the Process 
Segment Table Pescriptor is loaded into the 16 MAC segmentation 
registers. Finally, the new PSW at the operand address becomes 
the current PSW. 


Programming Notes 


The oprerand address must be aligned to a fullword boundary. 


This instruction is a privileged instruction. 


LDPS is an extended PSF mnemonic. 


If bit 14 of the new FPSW 1s zero, the process interruptible state 
is not loaded, and the save area is assumed t0O be compacted 
accordingly. In this case, the process’ floating-point registers 
are loaded from memory beginning at an offset of 76 bytes from 
the specified operand address. 
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If bit 13 of the new PSW is set, or if the processor is not 
equipped with floating-point registers, the process’ 
floating-point registers are not loaded, and the save area is 
assumed to be compacted accordingly. 


If bit 22 of the new PSW is set, the state of system queue is 
tested before testing the wait bit (bit 15). If the queue is 
non-empty, a System Queue Service (SQS) interrupt occurs. In 
this case, the newly-loaded PSW is saved as the old PSW when the 
SQS interrupt occurs. 


The state of the wait bit (PSW bit 16) is tested before the next 
instruction is executed. If PSW bit 23 is set when this 
instruction is executed, the MAC segmentation registers are not 
loaded with the indicated data. The segmentation registers can 
be loaded only when PSW bit 23 is zero. 
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10.6e7-6 Save Interruptible State (ISSV) 


Assembler Notation Op-Code Format 
ISSV D2(X2) DF5 RX1,RX2 
ISSV A2(FX2,SX2) DEF5 RX3 
Operation 
The contents of the interruptible instruction scratchpad 


registers are stored in the 16 fullwords of memory Starting at 
the address specified by the operand. 
Condition Code 


Unchanged 


Programming Notes 
The operand address nust be aligned to a fullword boundary. 
This instruction is a privileged instruction. 


ISSV is an extended PSF mnemonic. 
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10.6.7.7 Restore Interruptible State (ISRST) 


Assembler Notation Op-Code Format 
ISRST D2(X2) DF6 RX1,RX2 
ISRST A2CFX2,SX2) DF6 RX3 

Operation 


The interruptible instruction scratchpad registers are loaded 
from the 16 fullwords in memory starting at the address specified 
by the operand. 


Condition Code 


Unchanged 


Programming Notes 
The operand address must be aligned to a fullword boundary. 
This instruction is a privileged instruction. 


ISRST is an extended PSF mnemonic. . 
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10.6.7.-8 Store Byte, no ECC (XST3) 


Assembler Notation Op-Code Format 
XSTPE D2(X2) DF7 RX1,RX2 
XSTE A2(FX2,SX2) DF7 RX3 

Operation 


The contents of bits 24:31 of general register 0 are stored in 
memory at the address specified by the operand, without changing 
the error correction code bits for the specified memory location. 


Condition Code 


Unchanged 


Programming Notes 

This instruction is a privileged instruction. 

XSTB is an extended PSF mnemonic. 

This instruction may be used in conjunction with the read error 


logger instruction to test the operation of the Error Correcting 
Codes (ECC). 
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CHAPTER 11 
WRITABLE CONTROL STORE INSTRUCTIONS (OPTIONAL) 


1121 INTRODUCTION 


The optional Writable Control Store (WCS) adds another dimension 
to the user level architecture, making all the resources of the 
actual microprocessor available to the system programmer. A 
two-to-three-times speed advantage over conventional software can 
be realized when special algorithms or other functions are 
implemented in WCS. 


This option provides the user with 2048 words of dynamically 
alterable high-speed control store memory, organized as an 
extension to the 2048 words of fixed, read-only control store. 
Each word in writable or fixed control store is 32 bits wide and 
represents one machine level micro-instruction. Associated with 
the WCS option are user-level instructions for moving blocks of 
data between main memory and WCS, and for transferring control to 
microprogrammed routines contained in WCS. 


Fixed control store represents microcode addresses XK°000° through 
X°7FF* and writable control store represents addresses X‘°800' 
through X‘'FFF*, 

Refer to the Model 3220 Microprogramming Reference Manual, 


Publication Number 29-694, for a detailed description of the 
various processcr elements and each individual micro-instruction. 


11.2 WRITABLE CONTROL STORE INSTRUCTIONS 


Instructions described in this section are: 


WDCS Write Control Store 
R3DCS Read Control Stcre 

EDCS Branch to Control Store 
ECS Enter Control Store 
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11.2.1 Write Centrol Store (WDCS) 
Assembler Notation Op-Code Format 
WDCS R22 E80 RR 


Operation 


The second operand address contained in the register specified by 
R2 is the starting location in main memory of the data to be 
transferred to KCS. The area of WCS to be loaded is specified by 
the low address contained in general register 0 and the fullword 
count minus one contained in general register 1. These registers 
must be set up Ly the user before executing the WDCS instruction. 


The WECS instruction is interruptible. If it is interrupted, the 
location counter field of PSW is not incremented so that after 
the interrupt is serviced, the WDCS instruction can be resumed. 
Proper resumpticn of the instruction is assured because, as _ each 
fullword is transferred to the WCS address specified by the 
contents of general register 0 plus the count, the count in 
general register 1 is decremented by one. The operation 
continues until the count decrements from zero to minus one. 
Condition Code 


Unchanged 


Programming Notes 
The R2 field may specify any register other than 0 or 1. 


The second operand address in the register specified by R2 must 
be located on a fullword boundary. 


The contents of general register 1 are modified during the 
execution of this instruction. 


This instruction is a privileged operation. 
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1122-2 Read Control Store (RDCS) 


Assembler Notation Op-Code Format 
RDCS R2 E82 RR 
Operation 


The second operand address contained in the register specified by 
R2 is the starting location in main memory that is to receive 
data from WCS. The area in WCS from which this data is to be 
copied is specified by the low address contained in general 
register 2 andthe fullword count minus one in general register 
3. These registers must be set up by the user before executing 
the RDCS instruction. 


The KDCS instruction is interruptible. If it is interrupted, the 
location counter field of the PSW is not incremented so that 
after servicing the interrupt, the RDCS instruction can be 


resumed. Proper resumption of the instruction is assured 
because, as each fullword is transferred from WCS to main memory, 
the count in general register 3 is decremented by one. The 


operation continues until the count decrements from zero to minus 
Onee 


Condition Code 


Unchanged 


Programming Notes 
The R2 field may specify any register other than 2 or 3. 


The second operand address in the register specified by R2 must 
be located on a fullword boundary. 


The contents of general register 3 are modified during the 
execution of this instruction. 


Fixed control store (addresses less than X'800'") may not be read; 
undefined data is returned. 


This instruction is a privileged operation. 
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1122-3 Branch to Control Store (BDCS) 


Assembler Notation Op-Code Format 
BDCS R1,D2(X2) E5 RX 1,RX2 
BDCS R1,ACFX2,SX2) ES RX 3 


Operation 

An unconditional branch is taken to the control store address 
specified by the least significant 12 bits of the second operand 
address. The second operand address may specify any location 
within the writable portion of the control store, X‘'800° through 
X°FFF’, or to any location within the read-only portion of the 
contrcel store, X‘'000‘° through X‘'7JFF°. Unpredictable results can 
occur if a branch is taken to a non-present microprogram address. 
Condition Code 


Depends on the microprogram entered into. 


Programming Notes 
The second operand address is not tested for validity. 


The user may assign any desired meaning to the R1 field of the 
instruction. 


Upon entry to the control store routine, both the incremented and 
unincremented values of the location counter are available to the 
microrprograMme 


This instruction is a privileged operation. 
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11.2.4 Enter Control Store (ECS) 


Assembler Notation Cp-Code Format 


ECS R1,12(X2) EY R11 


Operation 


Control is given to the WCS location whose value is X‘8090° plus 
the contents of the R1 field. The effect is a branch to one of 
the first 16 locations in wWwcCS. These locations may contain 
branch micro-instructions to 16 different microroutines. By 
placing the appropriate number in the R1 field of the ECS 
instruction, the user can call one of 16 different functions. 


Condition Code 


Depends on the microprogram entered into. 


Programming hotes 


The user may asSign any desired meaning to the X2 field or tha [2 
field. 


{fpon entry to the control store routine, both the incremented and 


unincremented values of the location counter are available to the 
MICIrOLrogramMe 
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CHAPTER 12 
MEMORY MANAGEMENT 


12-1 INTRODUCTION 


For the Model 3220 processor, memory relocation and protection is 
provided by the Memory Access Controller (MAC). The MAC is a 
device which monitors all memory accesseSe Under program 
contrecl, it can do the following: 


e translate the address of a memory access from a 20-bit 
program (virtual) address to a 20-bit physical address 


e prevent write access to a block of memory 
e prevent instruction execution from a block of memory 
® detect an invalid memory access 


The throughput hetween the processor and local memory or between 
the selector channel and local memory is not affected by the use 
of the MAC. 


In an operating system environment, the operation of the MAC is 
completely transparent to most programs. It is very Similar to 
a peripheral device, in that only the operating system modules 
directly resronsible for its cperation are affected by it. 


12.2 ADDRESS SPACE 


This processor supports management of a 28° byte physical or 
Virtual address space. When physical or virtual addresses are 
manipulated, they are treated as 20-bit quantitias. In general, 
32-bit quantities are available to the processor for address 
calculation. When intermediate calculations are complete, bits 
0:11 of the 32-bit effective result are forced to zero or 
discarded, giving a calculated address 20 bits in length, which 
occupies bits 12:31 of the 32-bit effective result. 


In some instances, an address consisting of less than 20 bits may 


yFe used by the processor. Such an address is extended to 20 bits 
in length by forcing the higher-order bits to zeroe 
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1222-1 Physical Address Space 


The Memory Access Controller (MAC) is disabled when PSW bit 21 is 
zero. When the MAC is disabled, any of the 2” byte maximum 
available memory may be directly accessed. In those cases where 
fewer than 2° bytes of memory are configured, a machine 
malfunction fault condition is likely to occur as a result of 
attempting to access memory outside the available limits. 


12e2e2 Virtual Address Space 


The Memory Access Controller (MAC) is disabled when PSW bit 21 is 
zero. When disabled, the MAC may be programmed so that when 
translation is enabled, it is possible for a program to run ina 
virtual address space of a maximum 2°° bytes. Virtual (or 
program) addresses generated during the execution of sucha 
program are translated to physical addresses used in accessing 
memory, by the MAC. 


The MAC allows an operating system to provide support to user 
programs so that each program can be coded as if some subset of 
available memory, starting at address 0, were available to that 
program. The range of addresses thus referenced by the program 
is called the program address space. At program load time, the 
MAC can be used to map this program address space into the 
available physical memory addresses so that any program address, 
referenced during the program execution, is translated 
(relocated) to the correct physical address before memory is 
accessed. The MAC interprets the program address as follows: 


0 11.12 15 16 31 
SRN: SEGMENTATION REGISTER NUMBER 
MBD: MEMORY BLOCK DISPLACEMENT 


If a virtual address space of less than 2%° bytes has been 
created and a virtual address is generated which is outside the 
limits of the virtual address space, a Memory Access Controller 


fault occurs. 


The MAC, when properly programmed, allows simultaneous execution 
of concurrent processes while protecting each process’ from 
interfering with the other processes in the system. Violation of 
any of the enabled protection mechanisms causes a MAC fault to 
OcCcUr. Descrigtions of such faults may be found later in this 
section. 


If a physical address space of less than 2?° bytes exists, and 

address translation by the MAC results ina physical address 

which is outside the limits of physical address space, a machine 

malfunction fault condition is likely to occur. Proper 

programming of the MAC causes a virtual address which results in 

such a physical address to be intercepted before reaching the 
-‘mory system. 
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1223 RELOCATION 


Relocation of program address to physical address is accomplished 
through the relocation/protection bit (bit 21) of the program 
status word and the 16 segmentation registers of the MAC. If the 
relocation/protection bit of the PSW is zero, the MAC provides no 
translation of the addresses. If the relocation/protection bit 
of the PSW is set, the MAC assumes that all memory accesses use 
program addresses which must be relocated to physical addresses. 
Refore the relocation/protection bit of the PSW is set, the MAC 
segmentation registers must be loaded to allow appropriate 
mapping of the program to physical address (see following 
diagram). The MAC segmentation register describes the starting 
address and length of a block of vhysical memory allocated to the 
program address space. Each block starts on a 256-byte boundary 


and may be up to 64k bytes long. 


PROGRAM ADDRESS 


0 11,12 15 ,16 . 


3 2 3 4 A 
SEGMENTATION REGISTER 3 
1.12 23 24 31 


0 1 


PHYSICAL ADDRESS 


0 11,12 
4 A 


7 6 5 
Address calculation: X'O234A° Memory block displacement 
+ X*'74200° Memory block starting address 
X*7654K° Physical memory address 


When the relocation/protection bit of the PSW is set, the program 
address is relocated as follows: 


1° Program address bits 12:15 select one of the 
segmentation registers. In the example above, 
segmentation register 3 is selected. 


2. Segmentation register bits 12:23 specify the starting 


address of the memory block. In the example above, 
X°742° means that the memory block starting address is 
X"°7420C*. 


oe Program address bits 165.34 contain the memory block 
displacement. 

ue The memory block displacement is added to the memory 
block starting address to obtain physical memory 
address. 
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12.4 PROTECTION 


In addition to describing a block of physical addresses, each 
segmentation register can be used to limit the type of access to 
the described block of addresses. Five types of protection are 
provided by the MAC when the relocation/protection bit of the 
current PSW is set: 


1. if the presence bit (bit 27) is zero in the segmentation 
register selected by bits 12:15 of the program address 
(non-present address) 


2. if the write-protect bit (bits 25 and 26 = 01 or 11) is 
set in the segmentation register selected by bits 12:15 
of the program address, and an attempt is made to store 
into the addressed memory (write protect violation) 


3. if the write/interrurct protect bit (bits 25 and 26 = 10) 
is set in the segmentation register selected by bits 
12:15 of the program address, and a store is made into 
the addressed memory (write/interrupt protect violation) 


4. if the execute-protect bit (bit 24) is set in the 
segmentation register selected by bits 12:15 of the 
program address, andi an instruction fetch is being 
attempted from the addressed memory (execute protect 
violation) 


un 


e if the value of bits 16:23 of the program address is 
larger than the limit described in the segmentation 
register selected by bits 12:15 of the program address 
(invalid address), then a relocation/protection fault 
interrupt is generated (segment Limit violation). 


The MAC status register contains the reason for the 
interrupt (see diagram below). 


0 26 27 .28.29 30 31 


INTERRUPT STATUS REGISTER 
0 3,4 11 12 23 24 25 26.27 28 


ee ee 


SEGMENTATION REGISTER 
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In the cases of an execute protection violation, write protection 
violation, or invalid address, if the interrupt generated by the 
MAC cannot be accepted immediately by the processor, the 
contreller continues to operate but all write operations do not 
modify memory data until the interrupt is cleared. When a 
write/interrupt protect violation occurs, the user instruction is 
allowed to complete and then an interrupt is generated. The MAC 
interrupt condition is cleared by the microprogram. The reason 
code from the interrupt status register is returned in general 
register 13 of the set selected by the MAC interrupt new PSW. 
(See Chapter 10.) 


Examples 


The effect of the MAC is best illustrated by an example of a 
program executing under operating system control. 


Assume that the program consists of: 


e Main program coded as if addresses 9 through 2FFF are 
available and a program entry address of 100. (Program 
address space = 12K) 

® a subroutine coded as if aidresses F0O000 through FIFFF are 
available. (Program address space = 8K) 

e a data area which is initialized by some other program and 


which is contained at addresses A0N000 through AFFFF. This 
area is to be write and execute protectad. (Program address 
Space = 64k) 


The operating system executes with the relocation/protection bit 
of the PSW reset so that no address relocation or protection is 
in effect. 


Assume that the main program, subroutine and data area are loaded 
into physical memory starting at addresses 21000, F000, 13000, 
respectively. Before passing control to the example program, the 
operating system: 


1e sets the relocation field of segmentation registers 0, 
10 and 15 to 21000, 13000, and OFO00, respectively, ani 
sets the present bit for each of these registers. 


2. resets the present pit in the remaining segmentation 
registers. 


3. sets the limit fields of segmentation registers 0, 10 
and 15 for 47, 255, and 31 256 byte blocks, 
respectively. 


Se sets write and execute protection in segmentation 
register 10. 
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SEGMENTATION REGISTER FIELDS 


SEGMENTATION REGISTER 0: 
11 ,12 


0 2 F 2 1 0 1 0 
SEGMENTATION REGISTER 10: 
0 3,4 11,12 23 24 27 ,28 31 
>< ad 
1111 1111 0001 0011 0000 > iin 
0 F F 1 3 0 B 0 
SEGMENTATION REGISTER 15: 

0 34 11,12 23 ,24 27 ,28 31 
“S_ A ee 
a oon: ee. G00 Sin 
0 1 F 0 F 0 1 0 

SEGMENTATION REGISTERS 1, 2, 3, 4, 5,6, 7, 8,9, 11, 12, 13 & 14: 
0 3 4 11,12 23 24 27 28 31 
“N._ a” SSS 
ee 0000 0000 0000 0000 0000 0000 = | ~~ — 
0 0 0 0 0 0 0 0 


The program can then be started by loading a PSW with relocation/ 


protection bit of the status portion set anda 


of 100. 

1. an attempt is made to 
reset in selected 
segmentation register 

Ze an attempt is made to 
set in selected 
segmentation register 

3. an attempt is made to 
set in selected 
segmentation register 

sae an attempt is made toa 


location counter 


A relocation/protection fault interrupt occurs if: 


reference 30000. (Presence bit 
segmentation register, LeCe, 

3.) 

store into A0100,. (Write protect 
segmentation register, 1.03; 

10.) 

branch to AQOOO. (Execute protect 

segmentation register, 1-C@e, 

10.) 

reference F3000. (Value of pits 


15:31 cf program address (3000) is larger than the limit 


tield cf segmentation 
2000). 


An attempt to reference 100, 
£0 21100, 10200 or 13001, 


F1200 or AQO01 results in an 
respectively. 


register 15 (32 256 byte blocks or 


access 
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12.5 MAC REGISTERS 


The MAC has 16 hardware segmentation registers referred to as 
base registers. These registers are accessed through the 
assigned memory locations. The 64 bytes, starting at the first 
256 byte boundary above the interrupt service pointer table, are 
dedicated to the MAC. 


MAX NUMBER OF DEVICES DEDICATED MAC LOCATIONS 


300, - 33F y 


500i¢ = S3F ig 
9006 m3 93Fi6 


MAC registers are assigned to the dedicated locations as follows 
(for 256 maximum number of devices ): 


SEGMENTATION MEMORY LOCATION 
REGISTER ee ee 


300 
304 
308 
30C 
310 
314 
318 
31C 
320 
324 
0 328 
1 32C 
12 330 
13 334 
14 338 
15 33C 


a> OHO DAY NO FE wh 3 © 


Values are loaded into MAC registers by storing the values into 
the appropriate dedicated memory locations while the MAC is 
disabled. Any attempt to read the dedicated MAC locations 
returns the value in the corresponding memory location. To 
Summarize the manipulation of the MAC registers: 


1. The 64 bytes, starting at the first 256-byte boundary 
above the interrupt service pointer table, are dedicated 
to the MAC. 


Ze The value of a MAC register is changed by storing into 


the appropriate dedicated MAC location, while the MAC is 
disabled. 
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The value of the MAC status register is read by the 


microprogram. 


All attempts to read (load) from dedicated MAC locations 
return the value in the corresponding memory location. 


Cefinition of MAC Register Fields 


Segmentation Pegister 


632 


oO 


4 


23 24,25 26,27 31 


5 3 
Se 


Each segmentation register is 32 bits wide. 


FIELD 


aE 


12-8 


BITS 


12-23 


24 


20726 


27 


28-31 


Reserved - must be zero 
Segment limit field - contains a value 


one less than the number of 256 byte 
blocks in the segment described by this 
register. 


Segment relocation field - indicates 
the starting address of the segment 
described by this register (starting 
address = SRF multiplied by X‘*100°). 


Execute protect bit - if set, 
instruction fetch from segment causes 
relocation/protection fault. 


Instruction aborts. 


Write protection fieli - encoded as 
follows: 

00 - no write protection 

01 or 

11 - Write protected - attempt to store 
into segment causes 
relocation/protection fault - store is 


not executed. Instruction aborts. 


10 - Write/interrupt protected - 
attempt to store into segment causes 
relocation/ protect fault - store is 


executed. Instruction completes. 


Presence bit - if not set, selection of 
this register causes 
relocation/protection fault. 


Instruction aborts. 


Reserved - must be zero. 


29-693 ROO 1/79 


FIELD BITS MEANING 


iE 27 Invalid address - value of bits 16:31 of 
program address greater than the limit 
specified by SLF in the selected 
segmentation register. Instruction was 
aborted. 

N 28 Non-present address - present bit not set 
in selected segmentation register. 


Instruction was aborted. 


WP 29 Write protect violation - attempt to store 
into write protected segment. Instruction 
was aborted. 


WI 30 Write/interrupt protection violation - 
store into write/interrupt protected 
segment. If no other status bits are set, 
instruction was completed. 


E 31 Execute protect violation - instruction 
fetch attempt from execute protected 
segment. Instruction was aborted. 


The interrupt status is set by the MAC during generation of a 
relocation/protection fault interrupt. The microprogram clears 
the interrupt ccndition from the MAC. The contents of the MAC 
interrupt status register are copied to register 13 of the set 
specified by the relocation/protection interrupt new PSwW. The 
MAC interrupt status register is then cleared. 


Initialization 


When the [Initialize Switch (INIT) on the display panel is 
depressed, or the processor is powered up, all segmentation, 
relocation, protection and MAC interrupts are disabled regardless 
of the state of bit 21 in the current PSW. The contents of the 
MAC segmentation registers must be restored by software after 
power fail. 


The MAC remains disabled until a memory reference instruction is 
issued. At this time, the MAC is enabled or remains disabled, 
depending on the conditicrnr of bit 21 of the current PSW. 
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The Load Process Segment Table Descriptor (LPSTD) instruction, 
described in Chapter 10, is provided to facilitate loading of the 
MAC registerse This instruction loads all 16 MAC registers from 


a main memory imagee This image begins at the address’ specified 


by the segment table descriptor as shown by the format below: 


634 0 


7 


8 


31 


Pe ei SEGMENT TABLE ADDRESS 


where N equals X¥'0O3° if the MAC registers are at address 
X*0300° 
or x*o5s* if the MAC registers are at address 
X'9Q500' 
Or x*o9°* if the MAC registers are at address 
X¥*°0900° 
The segment table address is the address of a block of 16 
fullwords to be loaded into the MAC. 
The following program sequence shows how to set up the MAC 
registers to initially map all program addresses to the 


corresponding physical addresses (i.e., 


no translation). 


EPSR R4,R4 Capture current PSW 
NHI R&,X°FBFF* Reset bit 21 in R4& 
EPSR R3,R4 Disable MAC 

P R3 = original PSda@ 
LPSTD ST.DESCR Load process segment table 

descriptor 

OHI R3,X°O400° Set bit 21 in R3 
EPSR R4&,R3 Enable MAC 
8 
e 
e 
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ST.DESCR DC 


SEG.TAB 


SEG.TAB + Y*°03000000° 


OFFO0010 
OFF10010 
OFF20010 
OF} 010 
OFF40010 
OFF50010 
OFF60010 
0 FF70010 
OFF80010 
OFF90010 
0 FFA0010 
OFFBO010 
OFFCO010 
OFFDO0010 
OFFEQOQ10 
OFFFOO10 
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MAC STARTS AT X*0300°...POINT 


TO SEGMENT TABLE 


Segmentation register image 

Each value has a Limit 

field of X‘FF*. The Relocation 
field is set for one-to-one 
translation; iee., a program 
address that equals ‘5XXX¥X' 
selects seg.reg 5 which will 
relocate the address to physical 
*"SXXXX*. The presence bit is set 
in each register. 
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12-7 RE-EXECUTION OF FAULTING INSTRUCTIONS 


In general, an instruction causing a correctable MAC fault can be 
re-executed simply after the fault is corrected. 


The Load Multiple (LM) instruction in some caseS cannot be 
re-executed simply, but must be simulated. When an L¥ 
instruction faults, register 11 of the set specified by the MAC 
interrupt new PSW is loaded with the virtual address calculated 
by the hardware as the effective second operand address of the 
instruction. If that address is the same as the virtual address 
which caused the fault (contained in register 12), the 
instruction may be re-~executed once the fault has been corrected; 
no registers were modified by the LM instruction. 


If the addresses in registers 11 and 12 are not equal, at least 
one register was modified by the LM instruction. Once the fault 
has been corrected, system software should build and execute an 
instruction to load the required registers, using the calculated 
virtual address in register 11. The location counter of the old 
PSW should be incremented by instruction length before resuming 
normal program execution. 


ALTERNATE METHOD: 


If the addresses are not equal, the difference in the addresses, 
D, should be computed. The last register modified, M=(D/4) - 
1+R1, should be calculated. If M is less than the X2 field in an 
RX1 ocr RX2, or is less than both the FX2 and SX2 fields in an 
RX3, the instruction may be re-executed. If this is not the 
case, then system software must build an instruction sequence to 
load the remaining registers from the appropriate memory 
locations. The location portion of the old PSW should then be 
incremented by the instruction length. At this point, normal 
execution can be resumed by loading the old P5SW. 
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SND 


APP 
MODEL 32? 


4 
1 
3 4 
2 PB LME 
5 1 
4 5 
3 LHL 
° 
sfon 
ifaw 
4 4 
8|LrR LD 
1 1 
4 4 
9 cD 
1 1 
4 4 
AIA AD 
1 1 
4 4 
B SD 
1 1 1 1 
4 4 
Cc ME MD 
1 1 
4 
D{DHR DE 
1 
5 4 
E CRC12 |}STBP  |STMD 
1 
4 
F LPB LMD 
1 


OPTIONAL FLOATING~POINT INSTRUCTION 

OPTIONAL WCS INSTRUCTION 

OPTIONAL HIGH SPEED DATA HANDLING INSTRUCTION 
SECOND OPERAND ADDRESS MUST BE FULLWORD ALIGNED. 
SECOND OPERAND ADDRESS MUST BE HALFWORD ALIGNED. 
PRIVILEGED INSTRUCTION. 


‘+O RWON= 
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IX A 


4 
STDE 
L 

1 


RXRX 


1 
4 
ED 
4 
DE 
1 


G OP-CODE 


7 8 9 A B 
4 4 
STE STD SRHLS 
1 1 
5 
AHM STME SLHLS 


* 


APDENDIX & (Continued) 
MODEL 32279 OP-CODE MAP 
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RXRX SUB FUNCTIONS 


IMMEDIATE LENGTH SECOND OPERAND 
IMMEDIATE LENGTH FIRST OPERAND 


IMMEDIATE LENGTH BOTH OPERANDS 


FUNCTION CODE 


PRIVILEGED SYSTEM FUNCTIONS (PSF) 


OP-CODE MNEMONIC MEANING 

DFO REL READ ERROR LOGGER 

DF1 LPSTD LOAD PROCESS SEGMENT TABLE DESCRIPTOR 
DF3 STPS SAVE PROCESS STATE 

DF4 LDPS LOAD PROCESS STATE 

DF5 ISSV SAVE INTERRUPTIBLE STATE 

DF6 ISRST RESTORE INTERRUPTIBLE STATE 

DF7 XSTB STORE BYTE WITHOUT ECC 
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APPENDIX B 
INSTRUCTION SUMMARY - ALPHABETICAL BY MNEMONIC 


MNEMONIC OP-CODE INSTRUCTION 

A SA Add 

ABL 65 Add to Bottom of List 

AD TA Add DPFP 

ADR 3A Add DPFP Register 

AE 6A Add SPFP 

AER 2A Add SPFP Register 

AH UR Add Halfword 

AHI CA Add Halfword Immediate 

AHM 61 Add Halfword to Memory 

AI FA Add Immediate 

AIS 26 Add Immediate Short 

AL D5 Autoload 

AM 51 Add to Memory 

AR OA Add Register 

ATL € 4 Add to Top of List 

B 4 30 Branch Unconditional 

BAL 4 Branch and Link 

BALE 01 Branch and Link Register 

BC 428 Branch on Carry 

BCR 028 Branch on Carry Register 

BCS 208 Branch on Carry Short (Backward) 

BCS 218 Branch on Carry Short (Forward) 

BDCS E5 Branch to Control Store 

BE 433 Branch on Equal 

BER 033 Branch on Equal Register 

BES 223 Branch on Equal Short (Backward) 

BES 233 Branch on Equal Short (Forward) 

BFBS 22 Branch on False Condition Backward 
Short 

BFC 43 Branch on False Condition 

BFCR 03 Branch on False Condition kKegister 

BFFS 23 Branch on False Condition Forward 
Short 

BL 428 Branch on Low 

BLR 028 Branch on Low Register 

BLS 208 Branch on Low Short (Backward) 

BLS 218 Branch on Low Short (Forwari) 
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APPENDIX B (Continued) 
INSTRUCTION SUMMARY - ALPHABETICAL BY MNEMONIC 


MNEMONIC OP-CODE INSTRUCTION 
BM 421 Branch on Minus 
BMk 021 Branch on Minus Register 
BMS 201 Branch on Minus Short (Backward) 
BMS 211 Branch on Minus Short (Forward) 
BNC 4 38 Branch on No Carry 
BNCR 038 Branch on No Carry Register 
BNCS 228 Branch on No Carry Short (Backward) 
BNCS 238 Branch on No Carry Short (Forward) 
BNE 423 Branch on Not Equal 
BNER 023 Branch on Not Equal Register 
BNES 203 Branch on Not Equal Short (Backward) 
BNES 213 Branch on Not Equal Short (Forward) 
BNL 438 Branch on Not Low 
BNLR 038 Branch on Not Low Register 
BNLS 228 Branch on Not Low Short (Backward) 
BNLS 238 Branch on Not Low Short (Forwari) 
BNM 4 31 Branch on Not Minus 
BNMR 031 Branch on Not Minus Register 
BNMS 221 Branch on Not Minus Short (Backward) 
BNMS 231 Rranch on Not Minus Short (Forward) 
BNO 434 Branch on No Overflow 
BNOR 034 Branch on No Overflow Register 
BNOS 224 Branch on No Overflow Short (Backward) 
BNOS 234 Branch on No Cverflow Short (Forward) 
BNP 4 32 Branch on Not Plus 
BNPR 032 Branch on Not Plus Register 
BNPS 222 Branch on Not Plus Short (Backward) 
BNPS 232 Branch on Not Plus Short (Forward) 
BNZ 423 Branch on Not Zero 
BNZR 023 Branch on Not Zero Register 
BNZS 203 Branch on Not Zero Short (Backward) 
BNZS 213 Branch on Not Zero Short (Forward) 
BO y2u Branch on Overflow 
BOR 024 Branch on Overflow Register 
BOS 204 Branch on Overflow Short (Backward) 
BOS 214 Branch on Overflow Short (Forward) 
BP 422 Branch on Plus 
BPR 922 Branch on Plus Register 
BPS 202 Branch oa Plus Short (Backward) 
BPS 212 Branch cn Plus Short (Forward) 
BR 030 Branch Jnconditional Register 
BRK 88 Breakpoint 
BS 220 Branch Unconditional Short (Backward) 
BS 230 Branch Unconditional Short (Forward) 
BTBS 20 Branch on True Condition Backward Short 
BTC 42 Branch on True Condition 
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MNEMONIC 


BTCR 
BTFS 
BXH 
BXLE 
BZ 


CPAN 


OP~CODE 
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Branch 
Branch 
Branch 
Branch 
Branch 
Branch 
Branch 
Branch 


Compare 
Complem 
Compare 
Compare 
Compare 
Compare 
Compare 
Compare 
Convert 
Compare 
Compare 
Compare 
Comcare 
Compare 
Compare 
Compare 
Cempare 
Compare 
Compare 
Cyclic 

Cycle R 


Divide 
Divide 
Divide 
Divide 
Divide 
Divide 
Divide 
Divide 


Enter C 
Exchang 
Exchang 
Exchang 


APPENDIX B (Continued) 
INSTRUCTION SUMMARY - AL 


PHABETICAL BY MNEMONIC 


INSTRUCTION 


on True Condition Register 

on True Condition Forward Short 
on Index High 

on Index Low or Equal 

on Zero 

on Zero Register 

on Zero Short (3ackward ) 

on Zero Short (Forward) 


ent Bit 
Double Floating Point 
Double Floating-Point Register 
Floating Point 
Floating-Point Register 
Halfword 
Halfword Imnediate 
Halfword Value Register 
Immediate 
Logical 
Logical Byte 
Logical Halfword 
Logical Halfwoard Immediate 
Logical Immediate 
Logical Register 
Alphanumeric 
Alphanumeric and Pad 
Register 
Redundancy Check Modulo 12 
edundancy Check Modulo 16 


Couble-Precision Floating Point 
Double Floating-Point Register 
Floating Point 

Floating-Point Register 
Halfword 

Halfword Register 

Register 


ontrol Store 

e Program Status Register 
e byte Register 

e Halfword Register 


APPENDIX B (Continued) 
INSTRUCTION SUMMARY - ALPHABETICAL BY MNEMONIC 


MNEMCNIC OP-CODE INSTRUCTION 
FLR 2F Float Register 
FLDR 3F Float Register Double Precision 
FXDR 3E Fix Register Double-Precision Floating 
Point 
FXR 25 Fix Register 
ISRST DEF6 Interruptible State Restore 
iSSY DF5 Interruptible State Save 
L 58 Load 
LA E6 Load Address 
LB D3 Load Kyte 
LBR 93 Load Ryte Register 
LCDR 37 Load Complement Double Floating Register 
LCER 17 Load Complement Floating-Point Register 
LCS 25 Load Complement Short 
LD 78 Load Couble-Precision Floating Point 
LDE B7 Load Double Floating Point From Single 
LDER A7 Load Double From Single Register 
LDGR A6 Load Double From General Register 
LDPS DFY Load Process State 
LDR 38 Load Louble-Precision Register 
LE 68 Load Floating Point 
LED By Load Floating From Double Precision 
LEDR AY Load Floating From Double Register 
LEGER A5 Load Floating From General Register 
LER 28 Load Floating-Point Register 
LH 4% Load Halfword 
LHI C8 Load Halfword Immediate 
LHL 73 Load Haltword Logical 
LI Fa Load Immediate 
LIS 24 Load TImmediate Short 
LM D1 Load “ultiple 
LEC TF Load Multiple Double-Precision Floating 
Point 
LME 72 Load Multiple Floating Point 
LP 6F Load Packed rrom Binary 
LPDR 33 Load Positive CVouble Floating Register 
LPER 13 Load Fositive Floating Register 
LPSTD DF load Process Segment Table Description 
LPSw 2 Load Program Status Word 
LPSWR 1? Load Program Status word Register 
LR 08% Load Register 
LRA 63 Load Veal Address 
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INSTRUCTION SUMMARY - 


MNEMONIC 
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APPENDIX B (Continued) 


OP-CODE 


ALPHABETICAL BY MNEMONIC 


INSTRUCTION 


Multiply 

Multiply Double Floating Point 
Multiply Double Floating Register 
Multiply Floating Point 

Multiply Floating-Point Register 
Multiply HYalfword 

Multiply Halfword Register 

Move 

Move and Pad 

Multiply Register 


AND 

AND Halfword 

AND Halfword Immediate 
AND Immediate 

No Operation 

No Operation Register 
AND Register 


OR 

Output Command 

Output Command Register 
OR Halfword 

OR Halfword Immediate 
OR Immediate 

Or Register 


Process Byte 
Process Byte Register 
Pack and Move 
Pack and Move Absolute 


Remove from Bottom of List 
Reset Bit 

Read Data 

Read Control Store 

Read Data Register 
Read Error Logger 

Read Halfword 

Read Halfword Register 
Rotate Left Logical 
Rotate Right Logical 
Remove from Top of List 


Subtract 
Set Bit 
Simulate Channel Program 


Be 


wm 


APPENDIX 8 (Continued ) 
INSTRUCTION SUMMARY - ALPHABETICAL BY MNEMONIC 


MNEMONIC OP-CODE INSTRUCTION 
SD 7B Subtract Double-Precision Floating 
Point 
SDR 3B Subtract Register Double-Precision 
Floating Point 
SE 6B Subtract Floating Point 
SER 2B Subtract Floating-Point Register 
SH 4B Subtract Halfword 
SHI CB Subtract Halfword Immediate 
SI FB Subtract Immediate 
SINT E2 Simulate Interrupt 
SIS 27 Subtract Immediate Short 
SLA EF Shitt Left Arithmetic 
SLHA CF Shift Left Halfword Arithmetic 
SLHL CD Shift Left Halfword Logical 
SLHLS 91 Shift Left Halfword Logical Short 
SLL ED Shift Left Logical 
SLLS 11 Shift Left Logical Short 
STPS DF3 Save Process State 
SR 0B Subtract Register 
SRA EE Shift Right Arithmetic 
SRHA CE Shift Right Halfword Arithmetic 
SRHL Cc Shift Right Halfword Logical 
SRHLS 90 Shift Right Halfword Logical Short 
SRL EC Shift Right Logical 
SRLS 10 Shift Right Logical Short 
55 DD Sense Status 
SSK 9D Sense Status Register 
ST 50 Store 
STB D2 Store Byte 
STBRE 6E Store S8inary as Packed 
STBR 92 Store Byte Register 
STD 70 Store Double-Precision Floating Point 
STE 69 Store Floating Point 
STH 4Q Store Halfword 
STM DO Store Multiple 
STC TE Store Multiple Double-Precision 
Floating Point 
STME 71 Store Multiple Floating Point 
SVC E1 Supervisor Call 
TBT 74 Test Bit 
THI C3 Test Halfword Immediate 
TI F 3 Test Immediate 
TLATE E7 Translate 
TS EO Test and Set 
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MNEMONIC 


UMV 
UMVA 


WD 
WDCS 
WDR 
WH 
WHR 
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APPENDIX 8 (Continued) 
INSTRUCTION SUMMARY - ALPHABETICAL BY MNEMONIC 


OP-CODE 


8C/04 
BC/24 


DA 
E80 
9A 
D8 
98 


57 
Ky] 
CF 
F7 
07 
DF? 


INSTRUCTION 


Unpack and Move 
Unpack and Move Absolute 


Write Data 

Write Control Store 
Write Data Register 
Write Halfword 

Write Halfword Register 


Exclusive OR 
Exclusive OR Halfword 


Exclusive OR Halfword Immediate 


Exclusive OR Immediate 
Exclusive OR Register 
Store Byte, no ECC 


B= 7/7 2=8 


OP-COLE 


01* 
0:2" 
03* 


04 
05 


06 
07 


APPENDIX C 


INSTRUCTION SUMMARY - NUMERICAL 


MNEMONIC 


BALR 
BICR 
BECR 


NR 
CLR 


OR 
XR 


INSTRUCTION 


Branch and Link Register 
Branch on True Condition Register 
Branch on False Condition Register 


AND Register 
Compare Logical Register 


OR Register 
Exclusive OR Register 


Load Register 
Compare Register 


Add Register 

Subtract Register 

Multiply Halfword Register 
Divide Halfword Register 


Shift Right Logical Short 
Shift Left Logical Short 


Convert to Halfword Register 
Load Positive Floating Point 


Load General Register from Floating 
Load General from Double Floating 


Load Complement Floating Register 
Load Program Status Wori register 


Multiply Register 
Divide Register 


Branch on True Condition Backward Short 
Branch on True Condition Forward Short 


Branch on False Condition Backward Short 
Branch on False Condition Forward Short 


*Condition code not chanced 


+Cptional instruction 
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APPENDIX C (Continued ) 
INSTRUCTION SUMMARY NUMERICAL 


OP-COLCE MNEMONIC INSTRUCTION 

24 LIS Load Immediate Short 

25 LCs Load Complement Short 

26 AIS Add Immediate Short 

27 SIS Subtract Immediate Short 

28+ LER Load 

29+ CER Compare Floating Point 

2A+ AER Add Floating-Point Register 

2R+ SER Subtract Floating-Point Register 

2C+ MER Multiply Floating-Point Register 

2D+ DER Divide Floating-Point Register 

2E+ FXR Fix Register 

2F+ FLR Float Register 

32*+ PBR Process Byte Register 

33+ LPDR Load Positive Double Register 

34* EXHR Exchange Halfword Register 

37+ LCDR Load Complement Double Register 

38+ LDR Load Register Double-Precision 
Floating Point 

39+ CDR Compare Register Double-Precision 
Floating Point 

3A+ ADR Add Register Double~Precision 
Floating Point 

3B+ SDR Subtract Register Double-Precision 
Floating Point 

3C+ MDR Multiply Register Double-Precision 
Floating Point 

3h+ DDR Divide Register Double-Precision 
Floating Point 

3E+ FXDR Fix Register Double-Precision 
Floating Point 

3F+ FLDR Float Register Double-Precision 


Floating Point 


4yo* STH Store Halfword 


*Condition code not changed 
+Optional instruction 
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APPENDIX C (Continued ) 
INSTRUCTION SUMMARY NUMERICAL 


OP-CODE MNEMONIC INSTRUCTION 
yi* BAL Branch and Link 
42* BTC Branch on True Condition 
43* BFC Branch on False Condition 
eT} NH AND Halfword 
45 CLH Compare Logical Halfword 
46 OH OR Halfword 
47 XH Exclusive OR Halfword 
48 LH Load Halfword 
4g CH Compare Halfword 
WA AH Add Halfword 
4B SH Subtract Halfword 
4uc* MH Multiply Halfword 
uD* DH Divide Halfword 
50* s Store 
51 AM Add to Memory 
54 N AND 
55 CL Compare Logical 
56 0 OR 
57 X Exclusive OR 
58 L Load 
59 Cc Compare 
SA A Add 
5B S Subtract 
5c* M Multiply 
5D* D Divide 
SE* CRC12 Cyclic Redundancy Check Modulo 12 
5F* CRC16 Cyclic Redundancy Check Modulo 16 
60*+ STE Store Floating Point 
61 AHM Add Halfword to Memory 
62*+ PB Process Byte 
63 LRA Load Read Address 
64 ATL Add to Top of List 
65 ABL Add to Bottom of List 


*Condition code not changed 
+Optional instruction 
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OP-CODE 


66 
67 


68+ 
69+ 


6A+ 
6B+ 
6C+ 
6D+ 
6F 
6F 


TO*+ 
71*+ 
72*+ 
73 


74 
15 
76 
77 


78+ 
79+ 
TA+ 
TBt 


7C+ 


7D+ 
TE*+ 


TE*+ 


82*+ 
But 
87+ 
88* 


APPENDIX C (Continued) 


INSTRUCTICN SUMMARY NUMERICAL 


MNEMONIC 


RTL 
RBL 


INSTRUCTION 


Remove from Top of List 
Remove from Bottom of List 


Load Floating Point 
Compare Floating Point 


Add Floating Point 
Subtract Floating Point 
Multiply Floating Point 
Divide Floating Point 
Store Binary as Packed 
Load Packed Binary 


Store Double-Precision Floating Point 
Store Floating-Point Multiple 

Load Floating-Point Multiple 

Load Halfword Logical 


Test Bit 

Set Bit 

Reset Bit 
Complement Bit 


Load Double-Precision Floating Point 
Compare Double-Precision Floating Point 
Add Double-Precision Floating Point 
Subtract Double-Precision Floating 
Point 

Multiply Double-Precision Floating 
Point 

Divide Double-Precision Floating Point 
Store Multiple Double-Precision 
Floating Point 

Load Multiple Double-Precision Floating 
Point 


2 
3 
a. ai 


Store Double Precision to Single 
Load Floating from Double Precision 
Load Double from Floating Point 
Breakpoint 


*Condition code fiot changed 


+Opticnal instruction 
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APPENDIX C (Continued) 


INSTRUCTION SUMMARY NUMERICAL 


OP-CODE MNEMONIC 
BC (RXRX) 
8C/00 MVTU 
8C/01 MOVE 
8C/02 CPAN 
8C/03 PMV 
8C/04 UMV 
8C/21 MOVEP 
BC/22 CPANP 
8C/23 PMVA 
8C/24 UMVA 
90 SRHLS 
91 SLHLS 
92* STBR 
93* LBR 
94* EX BR 
95 EPSR 
98 WHR 
99 RHR 
9A WDR 
9B RDR 
9D SSR 
9E OCR 
Aut LEDR 
A5+ LEGR 
A6+ LDGR 
A7+ LDER 
co* BXH 
C1 BXLE 
C2 LPSW 
C3 THI 
C4 NHI 
cS CLHI 


INSTRUCTION 


RXRX Class designator 

Move Translates Until 

Move 

Compare Alphanumeric 

Pack and Move 

Unpack and Move 

Move and Pad 

Compare Alphanumeric and Pad 
Pack and Move Absolute 
Unpack and Move Absolute 


Shift Right Halfword Logical Short 
Shift Left Halfword Logical Short 
Store Byte Register 
Loai Byte Register 


Exchange Byte Register 
Exchange Program Status Word 


Write Halfword Register 
Read Halfword Register 


Write Data Register 
Read Data Register 


Sense Status Register 
Output Command Kegister 


Load Floating from Double Register 
Load Floating from General Register 
Load Double from General Register 

Load Double from Floating Register 


Branch on Index High 
Branch on Index Low or Equal 


Load Program Status Word 
Test Halfword Immediate 


AND Halfword Immediate 
Compare Logical Halfword Immediate 


*Condition code not changed 


+Opticnal instr 
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uction 


APPENDIX C (Continued) 


INSTRUCTION SUMMARY NUMERICAL 


OP-COCE MNEMONIC 
C6 OHI 
C7 XHI 
C8 LHI 
C9 CHI 
CA AHI 
CB SH 
CC SRHL 
CD SLHL 
CE SRHA 
CF SLHA 
DO* STM 
Di* LM 
D2* STB 
D3* LB 
D4 CLB 
DS AL 
D8 WH 
Dg RH 
DA WD 
DB RD 
DD Ss 
DE Oc 
DF (PSF) 
DFO REL 
DF1* LPSTD 
DF2* LSSTD 
DF3* STPS 
DF4& LDPS 
DF5* ISSV 
DF6* ISRST 
DF7* XSTB 


*Condition code not changed 


+Optional instruction 


INSTRUCTION 


OR Halfword Immediate 
Exclusive CR Halfword Immediate 


Load Halfword Immediate 
Compare Halfword Immediate 


Add Halfword Immediate 
Subtract Halfword Immediate . 


Shitc Kight Halfword Logical. 
Shift Left Halfword Logical 
Shift Right Halfword Arithmetic 
Shift Left Halfword Arithmetic 


Store Multiple 

Load Multiple 

Store Byte 

Load Byte 

Compare Logical Byte 


Autoload 


Write Halfword 
Read Halfword 


Write Data 
Read Data 


Sense Status 
Output Command 
PSF Class Designator 


Read Error Logger 

Load Process Segment Table Descriptor 
Load Shared Segment Table Descriptor 
Save Process State 

Load Process State 

Interruptible State Save 
Interruptible State Restore 

Test Error Logger 


29-693 ROO 1/79 


APPENDIX C (Continued ) 
INSTRUCTION SUMMARY NUMERICAL 


OP-COCE MNEMONIC INSTRUCTION 
EO TS Test and Set 
E1 Svc Supervisor Call 
E2 SINT Simulate Interrupt 
E3 SCP Simulate Channel Program 
ES* + BDCS Branch to Control Store 
E6* LA Load Address 
E7* TLATE Translate 
EBO*tT WDCS Write Control Store 
E82*t RDCS Read Control Store 
EQ*t ECS Enter Control Store 
EA RRL Rotate Right Logical 
EB RLL Rotate Left Logical 
EC SRL Shift Right Logical 
ED SLL Shift Left Logical 
EE SRA Shift Right Arithmetic 
EF SLA Shift Left Arithmetic 
F3 TI Test Immediate 
F4 NI AND Immediate 
F5 CLI Compare Logical Immediate 
F6 OI OR Immediate 
F7 XI Exclusive OR Immediate 
F8 LI Load Immediate 
F9 CI Compare Immediate 
FA Al Add Immediate 
FB Sb Subtract Immediate 


*Condition code not changed 
+Opticnal instruction 
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APDENDIX D 
ARITHMETIC 2EFEF ENCES 


637 TABLE OF POWERS OF TWO 
n n - 
(2 )10 (yg n 2” 
1 1 Va ee 
2 2 1 0.5 
4 4 2 0.25 
8 8 3 0.125 
16 10 4 0.062 5 
32 20 5 0.031 25 
64 40 6 0.015 625 
128 80 7 0.007 812 5 
256 100 8 0.003 906 25 
512 200 9 0.001 953 125 
1 024 400 10 0.000 976 562 5 
048 800 11 0.000 488 281 25 
4 096 1000 12 0.000 244 140 625 
8 192 2000 13 0.000 122 070 312 5 
16. 384 4000 14 0.000 061 035 156 25 
32 768 8000 15 0.000 030 517 578 125 
65 536 10000 16 0.000 015 258 789 062 5 
131 072 20000 17 0.000 007 629 394 531 25 
262 144 40000 18 0.000 003 814 697 265 625 
524 288 80000 19 0.000 001 907 348 632 812 5 
1 048 576 100 000 20 0.000 000 953 674 316 406 25 
2 097 152 200 000 +21 0.000 000 476 837 158 203 125 
4 194 304 400 000 22 0.000 000 238 418 579 101 562 5 
8 388 608 800 000 23 0.000 000 119 209 289 550 781 25 
16 777 216 1000000 24 0.000 000 059 604 644 775 390 625 
33 554 432 2000000 25 0.000 000 029 802 322 387 695 312 5 
67 108 864 4000000 26 0.000 000 014 901 161 193 847 656 25 
134 217 728 8 000 000 27 0.000 000 007 450 580 596 923 828 125 
268 435 456 10 000 000 28 0.000 000 003 725 290 298 461 914 062 5 
536 870 912 20 000 000 29 0.000 000 001 862 645 149 230 957 031 25 
1 073 741 824 40 000 000 30 0.000 000 000 931 322 574 #615 478 515 625 
2 147 483 648 80 000 000 «631 0.000 000 000 465 661 287 307 739 257 812 5 
4 294 967 296 100 000 000 32 0.000 000 000 232 830 643 653 869 628 906 25 
8 589 934 592 200 000 000 «633: «20.000 +000 000 116 415 321 826 934 814 453 125 
17 179 869 184 400 000 000 34 0.000 000 000 058 207 660 913 467 407 226 562 5 
34 359 738 368 800 000 000 35 0.000 000 000 029 103 830 456 733 703 613 281 25 


68 719 476 736 1000 000000 36 9.000 000 000 014 551 915 228% 366 851 806 640 625 
137 438 953 472 2000 000 000 3437 09.000 000 000 007 275 957 614 183 425 903 320 312 5 
274 877 906 944 4000 000 000 38 0.000 000 000 003 637 97% 807 O91 712 951 660 156 25 
549 755 813 888 8 000 000 000 «639 «0.000 000 000 001 #18 989 403 545 856 475 830 O78 125 


099 511 627 776 10000000000 40 0.000 000 000 000 909 494 701 772 928 237 915 039 062 
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APPENDIX D (Continued) 


638 TABLE OF POWERS OF SIXTEEN 


1 152 921 504 606 846 976 15 


Decimal Values 
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APPENDIX D (Continued) 


639 HEXADECIMAL ADDITION AND SUBTRACTION TABLE 
Examples: 5+A=- F; 18-D- B; A+ B= 15 


a 


Cel coal Si ael Mell Eell MLell lad (eel lad ila Ge, 
OF, ol al om] ot SI wl] wl | o 


rm 
to 


mle 


po 
te 


mle 


—_ 
Law) 
a) 
el cs 
ee ee ee ee ee ee ee 
aaj al Bl wl ml] elo} | Q 


—_ 
to 


ee ee ee 
ay nl aon} Bl] wl wo) ef of] Sl 


elel rl rel] Rel] Re 
PD, | See, Se I re 


oe oe or) 
wml rel of] |] h Q mei wl] - 
el neds ee ee 
mlol ml el oj ] ™m Q a ce) 


te so) 
Cc or > w 
— 
on 


me Pet ee 
oy &] co 
we oo 
at, & 


Pee] pepe fe pa spor boe bee 

es 

Pepe be be pa fie be pepe pe pe ae pa 
A 


HEXADECIMAL MULTIPLICATION AND DIVISION TABLE 
Examples: 5x6 = 1E; 75+D = 9; 58+8 = B; 9xC = 6C 


ra eRe Ree Ree 
slice ye een aero ef Se eh es 
ee eee 
E@Ee 
Pp Pete be fae Fae a fae ae PP Ye Pe 
Pir PaaS eee ae 
PA hE Ee Ea sre ease 
re ee Ee ee oe ee ee 
cer ee eee ee ee 
CN ee a 
pp ae ae fa ae Cae Papa a ae ar pe pe ep 
a 


640 


— 
- 


iw) 
tw 


> 
mD 


CSCEES EES 
rete fe bar par fae ep apo Pee 
SOMOS spe p= 
Pete ficpe t= foto fo fe pep sc] mp apo for for 

ne a 


Pete fs 


by 
ry 
roy 
ie 
ie) 
i) 
w 
ane 
Ao 
ee) 
w 
> 
~] j<o) bo 
E 
wo 
EB 
~] 
ne 
for) 
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BPPENBIX D (Continued) 


64! 
TABLE OF MATHEMATICAL CONSTANTS 


CONSTANT DECIMAL VALUE eee FLOATING POINT VALUE 


DOUBLE PRECISION 


| eee 


SINGLE PRECISION 
fv, 
1 3.14159 26535 89793 23846 | 3.243F 6A88 4132 43F6 A888  5A31 
85A3 08D3 : 
n-1 0.31830 98861 83790 67154 he C1B7 4051 7CC1 68727 2208 
| 2722 OA95 
Jn 1.77245 38509 05516 92730 1.C5BF 891B 411C 5BF8 9184 EF6B 
4EF6 AA7A 
Low 1.14472 98858 49400 47414 1.250D 048E 4112 B67A E858 4CAA 
7A1B DOBD 
£3 1.73205 08075 68877 29353 1.BB67 AE85 411B 67AE 8584 CAA7. 
84CA A73B 
e 2.71828 18284 59045 23536 2.B7E1 5162 412B 7E15 1628 AED3 
8AED 2A6B 
e7| 0.36787 94411 71442 32160 | 0.5E2D 58D8 405E 2D58 08B3 BCDF 
B3BC DF1B 
Je 1.64872 12707 00128 14683 1.4612 98E1 411A 6129 8E1E 969C 
£069 BC97 
logyge 0.43429 44819 03251 82765 | 0.6F2D ECS4 406F 2DEC 5AgB 9439 
9894 38CB 
logze 1.44269 50408 88963 40736 1.7154 7652 4117 1547 652B 82FE 
B82F £177 
y 0.57721 56649 01532 86061 0.93C4 67E3 4093 C467 E370  BOC8 
7DB0 C7A5 
Ln y -0.54953 93129 81644 82234 | 0.8CAE 9BC1 Cosc AE9B C11F 5A60 
1F5A 5FF4 
S2 1.41421 35623 73095 04880 1.6A09 E667 4116 AOSE 667F 3BCD 
F3BC C909 
tn2 0.69314 71805 59945 30942 0.B172 17F7 40B1 7217. F7D1  CF7A 
DICF 79AC 
10g 492 0.30102 99956 63981 19521 0.4010 4D42 404D 104D 427D  €E7FC 
7DE7 FBCC 


ouwu 


3.16227 33199 | 3.298B 075B 9880 75B4 
4B6A 5240 


2.30258 68402 2.4D76 3776 D763 776A 
AAA2 BO5C 
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APPENDIX D (Continued) 
FRACTION CONVERSION TABLE 


Hexadecimal and Decimal Fraction Conversion Table 


HALFWORD 
BYTE 


| .0 | 0000 | 00 | 0000 0000 | 
[1] .0625 01 _| 00390625 
[2 [1350]. 0078 1 

[2500 [04 | 01562500 [~-004_|.0007__ "76562500 | 
es 2 
[6 .3750_| 08 [0234 3750_| 
4375 | .07 | 02734375 | .007 | .0017 0898-4375 | .0007_[.0001__ 0681+ Y, 
| 9 | 5625 | 09 [0351 5625 | 009 | 00219726 5625 | 0009 =| 000) v10 
| A | .6250 | .OA {| 0390 6250 | .00A | 0024 41406250 | 000A | .0001 
[| 6875 | 08 [04296875 [008 [0026 85546875 [0008 | 0001 67e4_—6679_—«875_—* 
Tc | .7500_[~-0¢ [04687500 .00c | ~.0029_2968 7500 |. 000c [00018310 54687500] 
[0 [8125 [00 [05078125 | ~000 [003173826125 
Pe | 8750 | ce | 0546 8750 | .008 | .0034 1796 8750 | 0008 | 0002 1362 —3046_——6780 
r.F | .9375 | .OF | .0585 9375 0036 ~—«S210~=«#9375 ~| ~—.000F |  .000 2088 ~=«1835—St«SD 


TO CONVERT .ABC HEXADECIMAL TO DECIMAL To convert fractions beyond the capacity of table, use techniques below: 


Find .A_ in position] .6250 


Find .0B in position 2.0429 6875 HEXADECIMAL FRACTION TO DECIMAL 


Convert the hexadecimal fraction to its decimal equivalent using the same 


Find .00C in position 3 :0029 2968 _7500 technique as for integer numbers. Divide the results by 16" (n is the 
-ABC Hex is equal to 6708 9843 7500 number of fraction positions). 
Example: .8A7 = .540771)9 
TO CONVERT .13 DECIMAL TO HEXADECIMAL BAT 16, ='-221710 .540771 
Oe nt ee ee 163 = 409% 4096[2215 . 000000 
1. Find .1250 next lowest to . 1300 
subtract -.1250 = .2Hex 
2. Find .0039 0625 next lowest fo .0050 0000 
: ~.0039 0625 =.01 DECIMAL FRACTION TO HEXADECIMAL 
3. Find .0009 7656 2500 .0010 9375 0000 Collect integer parts of product in the order of calculation. 
= 20009 7656 2500 7656 2500 = 3008 Example: .540819 = .8A716 
4. Find .0001 0681 1523 4375 .000) 1718 7500 0000 5408 
-.0001 0681 1523 4375 = .0007 : x16 
.0000 1037 5976 5625 = .2147 Hex 8 <- [8].4528 
5. 13 Decimal is approximatel al ¢ zis 
; ecimal is approximately equal to A << [fgj.44a8 
x16 
7 (68 


wy 
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Hexadecimal and Decimal Integer Conversion Table 


CE a <A a 
Paogiegii agitate 


Or 0. Og 0] oo oo og co 
268 43 eee 16,777,216 See 048,576 [1 45,536 | 1 [4,006 [1 [256 ft) | oe fa ft | 
Se a A dL ND: 2 


SALAS Ae SCT a a: 
a a 
UOT eS a 
mC eh ee he 
ORIEL RAR A LAA A 
Asha OL ak Oe aa ee 
eaten zas-are | ¢—|aoi.aas-sea | ¢liz'sea.9i2 |e] meecate [ease] som pew tet] 
oe. c.ga Oreste [Oeste | 8 i 

[234,681,024 |e [14,680,004 | € [917,504 |e | 57,344 Te | 3,504 [Te [224 
ea oe 


TO CONVERT HEXADECIMAL TO DECIMAL EXAMPLE To convert integer numbers grecter than the capacity of 
—— table, use the techniques below: 
1, Locate the column of decimal numbers corresponding to Conversion of 
the left-most digit or letter of the hexadecimal; select Hexadecimal Value D034 HEXADECIMAL TO DECIMAL 


from this column ond record the number that corresponds 
to the position of the hexadecimal digit or letter. Successive cumulative multiplication from left to right, 


2. Repeat step | for the next (second from the left) adding units position. 


position: Example: 34,4 = 3380,9 D= 13 
3. Repeat step | for the units (third from the left) xié 
position. 208 

4. Add the numbers selected from the table to form the a +2 
decimal number. x16 
3376 

4= +4 

3380 


TO CONVERT DECIMAL TO HEXADECIMAL 


EXAMPLE 


Conversion of DECIMAL TO HEXADECIMAL 
Decimal Value (2 eee Se ee ee 


1. (a) Select from the table the highest decimal number 
that is equal to or less than the number to be con- 
verted. 

(b) Record the hexadecimal of the column containing 
the selected number. 

(c) Subtract the selected decimal from the number to 
be converted. 


Divide and collect the remainder in reverse order. 
Example: 3380), = Xi 
16 [3380 . remainder 
16 re 4 
16 “3 3 
Se D 3380) 9=D34,, 


2. Using the remainder from step |(c) repeat ail of step | 
to develop the second position of the hexadecimal 
(and a remainder) . 


3. Using the remainder from step 2 repeat all of step | to 
develop the units position of the hexadecimal . 


4. Combine terms to form the hexadecimal number. 


es) 
| 
J 
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ASCII/HEX CONVERSION TABLE 
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1 
1 
0 
ae 
NUL oe ee 
SOH ee ee 
a ee | 
— 
ge ce. | 
7 
ma 
no 
oe 
Lie oe 
‘NUL Null DLE Data link escape 
SOH Start of heading DC1-4 Device control 
STX Start of text NAK Negative acknowledge 
ETX End of text SYN Synchronous idle 
EOT End of transmission ETB End of transmission block 
ENQ Enquiry CAN Cancel 
ACK Acknowledge EM End of medium 
BEL Audible signal SUB Start of special sequence 
BS Backspace ESC Escape 
HT Horizontal tabulation FS File separator 
LF Line feed GS Group separator 
VT Vertical tabulation RS Record separator 
FF Form feed US Unit separator 
CR Carrier return SP Space 
SO Shift out DEL Delete/Idle 
SI Shift in 
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ASCII/CARD CODE CONVERSION TABLE 


GRAPHIC : GRAPHIC 
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Ie 


un 


6 


1 


to 


TTY: 
CAROUSEL 
RESERVED 15, 30 


CRT ON CLI 


: 6 7 8 9 A B Cc 
CARD RESERVED MDIO 
READER 


8 LINE INTERRUPT MODULE 


CONTACT 
CLOSURE 
MODULE 


LINE 
PRINTERS 


DRIVER 
MODULE 


(ADRS 20 to 27) 


CONVERSION 
EQUIPMENT 


MICROBUS. 
ADAPTER 


AIC ANALOG INPUT CONTROLLER 
AOC . ANALOG OUTPUT CONTROLLER 
DIO - DIGITAL 1/0 CONTROLLER 


REMOVABLE 
CARTRIDGE 
1600 BPI 


DISC CONT 
MAG TAPE 


DISC 1 


QSA - QUAD SYNCHRONOUS ADAPTER 
ULI = UNIVERSAL LOGIC INTERFACE 
MDIO MEMORY DISPATCHED I/O 


- © 


ie? | 
[ 
no 


wD 


201/301 
DATA SET 


SECOND 8 LINE INTERRUPT MODULE 
(ADRS 28 TO 2F) 


360/370 
AUX, INF 


DIGITAL 
MUX 


UNIVERSAL 
CLOCK 


201/301 
DATA SET 
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APPENDIX F 
CONSOLE SERVICE ROUTINE FLOWCHART 
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ACCEPT REGISTER 
ADDRESS, OPEN & 
DISPLAY GENERAL 

REGISTER, CURRENT SET 


DISPLAY PROMPT 
ACCEPT ONE 
CHARACTER 


CONSER 


DECODE 


SET UP FDX 
LOCAL 
TERMINAL; 
DISPLAY PSW, 
LOCATION COUNTER, 
SET “CONSOLE 
MODE” FLAG 


ACCEPT REGISTER 
ADDRESS, FORCE 


EVEN, OPEN & DISPLAY 
SPFP REGISTER. 


ACCEPT DATA, 
MODIFY OPEN 
REGISTER 


one ACCEPT REGISTER 


ADDRESS, FORCE 
EVEN, OPEN & DISPLAY 


DPFP REGISTER. 


DISPLAY 
OPERATOR 
PROMPT 


NEXTREO 


ACCEPT 


ACCEPT CARRIAGE 
ONE 


RETURN, DISPLAY 
ENTIRE PSW. 
OPEN PSW_STATUS. 


CHARACTER 


e QUESTN 


DECODE 


y RESET “CONSOLE 
MODE” FLAG 
PROMP 
2 ie RESET PSW 
BIT 16 
N 
Y ACCEPT 
NEW LOC 
OPEN & DISPLAY ACCEPT DATA 
CELL ADDRESSED Yv ? 
ae MODIFY OPEN 
LOC +2 


ENTER RUN 


MODE WITH 
CURRENT EXIT. 
PSW & LOC 


BY LOC. DISPLAY 
PROMPT. ACCEPT 


HALFWORD 


CELL 
ONE CHARACTER 
N 
86.3 () ©) 
DECODE IS. PLUS 


UNRECOGNIZED. 
DISPLAY 
CARRIAGE RETURN, 
LINE FEED 
QUESTION MARK 


N 
& QUESTN 


NEXTREQ 


NOTES: 


1. ALL RECEIVED CHARACTERS ECHOED BY PROCESSOR. 

2. LOWER-CASE CHARACTERS INTERPRETED AS UPPER-CASE. 

3. SPACE CHARACTERS !GNORED. 

4. BACKSPACE, UNDERLINE, DELETE CAUSE PREVIOUS NUMERIC CHARACTER TO BE IGNORED. 
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Add, 2-5 

Add double precision floating point, 6-39 
Add floating point, 6-20 

Add halfword, 5-7 

Add halfword to memory (AHM), 5-11 

Add to list, 3-54 

Add to memory (AM), 5-9 

Address space, 12-1 

Alphanumeric String data, 1-9 

Alignment faults, 10-17 

And, 3-27 

And halfword, 3-28 

Arithmetic fault interrupt, 10-31 
Arithmetic references, D-1 

Auto driver channel, 9-18 

Auto driver channel flow chart, 9-26 

Auto driver channel immediate interrupt, 10-26 
Autolcad (AL), 9-16 


Block diagram, 1-2 

Boolean operations, 3-2 

KRranching, 4-1 

Branch instruction formats, 1-13, 4-2 
Branch instructions, 4-2 

Branch and link, 4-6 

Branch on carry, 4-14 

Pranch on equal, 4-1h 

Branch on false, 4-5 

Branch on index high (BXH), 4&-10 
Rranch on index low or equal (BXLFE), 4-8 
KRranch on low, 4-18 

Rranch on minus, 4-20 

Rranch on no carry, 4-15 

Branch on no overflow, 4-25 

Rranch on not equal, 4-17 

Rranch on not low, 4-19 

Pranch on not minus, 4-21 

Branch on not plus, 4-23 

Branch on not zero, 4-27 

Branch on overflow, 4-24 

Branch on plus, 4-22 

Rranch on true, 4-3 

Branch on zero, 4-26 

Branch to control store (BDCS), 11-4 
Branch unconditional, 4-28 

Buffers, 9-20 

Buffer switch bit, (8B), 9-23 
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Channel command block, 9-18, 3-19 
Channel command word, 9-22 

Channel command word 8:15, 9-24 

Check word, 9-21 

Circular list, 3-4 

Circular list definition, 3-3 

Compare, 3-23, 5-17, 7-10 

Compare double precision floating point, 6-43 
Compare floating point, 6-24 

Compare halfword, 5-18 

Compare logical halfword, 3-24 

Compare logical byte, 3-26 

Complement bit (CBT), 3-48 

Condition code, 6-9, 19-7 
Configuration, 2-1 

Console mode, 10-1? 

Console service routine flow chart, F-1 
Contrel of I/0 operations, 9-4 

Control switches, 2-4 

Convert to halfword value register (CHVR), 5-33 
CRC generation flow chart, 3-540 

Cyclic redundancy check, 3-49 


Data alignment, 1-10 

Data formats, 5-1, 6-2 

Data format fault interrupt, 10-14 

Data handling instructions, 8-1 

Data handling instruction formats, 8-1 
Decimal data format definitions, 7-1 
Pecimal string data, 1-9 

Decision making, 4-1 

Decrement and examine prior location "-", 2-7 
Device addressing, 9-2 

Device controllers, 9-1 

Device priorities, 93-2 

Divide, 5-24 

Divide double precison floating point, 6-46 
Divide floating point, 6-27 

Divide halfword, 5-27 


Farly Power Fail Detect and Automatic Shutdown, 10-20 
Enter control store (FCS), 11-5 

Fntering console service, 2-5 

Equalization, 6-6 

Examine double precision floating point register “D", 2-8 
Examine general register "R"“, 2-7 

Examine single precision floating point register “F", 2-8 
Examine program status word “P", 2-9 
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Examples of R* rounding , 6-9 

Exchange byte register (EXBR), 3-18 

Exchange halfword register (EXHR), 3-17 
Exchange program status register (EPSR), 10-35 
Fxclusive OR, 3-31 

Exclusive OR halfword, 3-32 

Execute bit (EF), 9-22 

Exponent overflow, 6-7 

Exponent underflow, 6-8 

Extended branch mnemonics, 4-12 


Fast bit (F), 9-22 

Fix register (FXR), 6-29 

Fix register double precision (FXDR), 6-48 
Fixed point arithmetic, 5-1 

Fixed point data, 1-8 

Fixed point data word formats, 5-1 

Fixed point format relations, 5-2 

Fixed point instructions, 5-4 

Fixed point instruction formats, 5-3 

Fixed point number range, 5-2 

Fixed point operations, 5-2 

Float register (FLR), 6-31 

Float register double precision (FLDR), 6-49 
Floating/Fixed point ranges, 6-4 

Floating point arithmetic, 6-1 

Floating point data, 1-9 

Floating point data formats, 6-2 

Floating point instructions, 6-10 

Floating point masked mode (FILM), 10-3 
Floating point number, 6-3 

Floating point number range, 6-4 

Floating point registers, 1-6 

Floating point underflow interrupt enable (FLU), 10-5 
Flow chart, console service routine, F-1 


General auto driver channel programming procedure, 9-25 
General registers, 1-4 
Guard digits and R*-rounding, 6-8 


High speed data handling instructions, 8-1 


Tllegal digit cases (Pack and Move), 7-13 
ITllegal digit cases (Unpack and Move), 7-15 
Tllegal instruction interrupt, 10-15 

Immediate interrupt - Auto driver channel, 10-26 
Increment and examine next location “+", 2-5 
Initial program load, ?-5 

Input/Output operations, 9-1 
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Instruction alignment, 1-10 

Instruction formats, 1-11, 1-12, 7-3 

Instruction summary - Alphabetical by mnemonic, B-1 
Instruction summary - Numerical, C-1 

Interrupt Driven I/0, 9-5 

Interrupts, Processor, 1-7 

Interrupt precedence, 10-9 

Interrupt priority level/register set summary, 10-27 
Interrupt service pointer table, 9-3 

Interrupt status register, 12-4 

Interrupt system architecture - Schematic diagram, 10-10 
Interrupt timing, 10-9 . 
Interrupt timing and priority, 10-8 

Interruptible instructions, 10-11 

Interruptible instruction in progress (IIP), 10-3 
Invalid digit faults, 10-17 

I/O device interrupts, 10-25 

I/O instruction formats, 9-9 

I/O instructions, 9-9 

I/O interrupt mask (I), 10-4 

I/O references, i#-1 

I/O system configuration, 9-1 


Key operated security lock, 2-3 


List rrocessing, 3-3 

List processing instructions, 3-57 

Load, 3-7 

Load address , 3-11 

Load byte, 3-16 

Load complement double precision register (LCDR), 6-34 
Load complement floating point register, 6-15 

Load complement short, 3-9 
Load double precision floating 
Load double precision floating 
Load floating point, 6-12 

Load floating point multiple (LME), 6-16 

Load general registers from double precision floating point 
register (LGDR), 6-36 

Load general register from floating point register (LGER), 6-17 
Load halfword, 3-10 

Load halfword logical (LHL), 3-14 

Load immediate short, 3-8 

Load multiple (LM), 3-15 

Load multiple double precision floating point (LHD), 6-35 

Load racked decimal string as binary (LPB), 7-4 

Load positive double precision register (LPDR), 6-33 

Load positive floating point register (LPER), 6-14 


point 
point egi 


ry 


ter from single, 6-52 
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Load process segment table descriptor (LPSTD), 10-42 
Load process state (LPS), 10-45 

Load program status word (LPSW), 10-33 

Load rrogram status word register (LPSWR), 10-34 
Load real address (LRA), 3-12 

Load shared segment table descriptor (LSSTD), 10-43 
Load single precision floating point register from double, 6-50 
Location counter, 1-6 

Logical data, 1-9, 3-1 

Logical instructions, 3-5 

Logical instruction formats, 3-5 

Logical operations, 3-1 


MAC Interrupt status, 12-9 

MAC Registers, 12-7 

Machine malfunction interrupt, 10-18 

Machine malfunction interrupt enable, 10-4 

Machine malfunction status word (MMSW), 10-20 
Maskable and non-maskable interrupts, 10-8 

Memory access controller (MAC) fault interrupt, 10-17 
Memory access controller enable (MAC), 10-5 

Memory initialization, 2-10 

Memory management, 12-1 

Modify current location “=", 2-7 

Modify double precision floating point register “=", 2-9 
Modify general register “=", 2-7 

Modify program status word “=", 2-9 

Modify single precision floating point register “=", 2-8 
Move, 7-8 

Move and pad, 7-8 

Move and pad with default pad, 7-38 

Move translated until, 7-6 

Multiply , 5-20 

Multiply double precision floating point, 6-44 
Multiply floating point, 6-25 

Multirly halfword, 5-22 


Normalization, 6-5 
No Operation, 4-29 


OP-Code map, A-1 
Operations, 3-2 

Operating instructions, 2-5 
OR, 3-29 

OR Halfword, 3-30 

Cutput command, 9-10 
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Pack and move, 7-12 

Packed decimal, 7-1 

Packed decimal format, 7-1 

Physical address space, 12-2 

Power restore, 10-21 

Power up, 2-5 

Privileged system function (PSF), 10-39 
Process byte (PB), 8-2 

Process byte register (PBR), 4-4 
Processor, 1-4 

Processor/Controller communication, 9-2 
Processor interrupts, 1-7 

Processor modes, 10-12 

Programming examples, 1-13 

Programming instructions, 2-11 

Program status word, 1-4, 10-2 

Program status word (PSW) and reserved memory locations, 10-2 
Protection, 12-4 

Protect mode enable (P), 10-6 

PSW Location counter (LOC), 10-7 

PSW Status word, 10-3 


Read control store (RDCS), 11-3 

Read data, 9-12 

Read error logger (REL), 10-40 

Read halfword, 9-13 

Read/Write bit (R/W), 9-22 

Redundancy check type bits (RC), 9-23 

Re-execution of faulting instructions, 12-12 

Register and immediate storage one format (RI1), 1-20 

Register and immediate storage two format (RI2), 1-22 

Register and Indexed storage/fegister and indexed storage format 
(RXRX), 1-24 

Register and indexed storage one format (RX1), 1=15 

Register and indexed storage three format (RX3), 1-18 

Register and indexed storage two format (RX2), 1-16 

Register set numbering, 1-5 

Register set select, 1-5 

Register set select field (R), 10-5 

Register-to-Register format (RR), 1-14 

Relocation, 12-3 

Remove from list, 3-56 

Reserved memory locations, 1-7, 10-8 

Reset bit (RBT), 3-47 

Restore interrupible state (ISRST), 10-48 

Rotate left logical (RLL), 3-40 

Rotate right logical (RRL), 3-42 

Run mode, 10-14 

RXRX formats, 1-25 
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Sample program, 1-13 

Save interruptible state (ISSV), 10-47 

Schematic diagram - Interrupt system architecture, 10-10 

Segmentation register, 12-4 

Select an address and examine "dad", 2-6 

Selector channel I/0, 9-6 

Selector channel devices, 9-7 

Selector channel operation, 3-7 

Selector channel programming, 9-8 

Sense status, 9-11 

Set bit (SBT), 3-46 

Shift left, 3-36 

Shift left arithmetic (SLA), 5-29 

Shift left halfword, 3-38 

Shift left halfword arithmetic (SLHA), 5-30 

Shift right; 3-37 

Shift right arithmetic (SRA), 5-31 

Shift right halfword, 3-39 

Shift right halfword arithmetic (SRHA), 5-32 

Short form format (SF), 1-14 

Simulate channel program (SCP), 9-17 

Simulate interrupt (SINT), 10-36 

Simulated interrupt, 10-28 

Single step mode, 10-14 

Status mask, 9-22 

Status monitoring I/0, 9-4 

Status switching, 10-15 

Status switching and interrupts, 10-1 

Status switching instructions, 10-32 

Store (ST), 3-19 

Store byte, 3-22 

Store byte, no ECC, 10-49/10-50 

Store binary as packed decimal string (STBP), 7-5 

Store double precision floating point (STD), 6-37 

Store double precision floating point register in single 
precision memory (STDE), 6-53 

Store floating point (STE), 6-18 

Store floating point multiple (STME), 6-19 

Store halfword (STH), 3-209 

Store muliple (STM), 3-21 

Store multiple double precision floating point (5TMD), 6-38 

Store process state (STPS), 10-44 

String instructions, 7-3 

String operations, 7-1 

Subroutine address, 9-19 

Subroutine linkage, 4-2 

Subtract, 5-13 

Subtract double precision floating point, 6-41 
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Subtract floating point, 6-22 

Subtract halfword, 5-15 

Supervisor call (SVC), 10-37 

Supervisor call (SVC) interrupt, 10-30 

System Break Point (BKK), 10-38 

System breakpoint interrupt, 10-31 

System control, 2-1 

System control panel, 2-1 

System control panel switches and indicators, 2-3 
System description, 1-1 

System queue service (SQ5) interrupt, 10-29 
System queue service interrupt enable (Q), 10-5 
System terminal commands, 2-6 

System terminal support command summary, 2-2 


Test and set (TS), 3-44 

Test bit (TBT), 3-45 

Test error logger (TEL), 10-48 

Test halfword immediate (THI), 3-34 
Test immediate (TI), 3-33 

Translate (TLATE), 3-51 

Translate bit, 9-23 

Translation, 3-2, 9-20 

Translation table entry, 3-2 

True zero, 6-7 


Unpack and move, 7-14 
Unpacked decimal format, 7-2 
Unpacked (zoned) decimal, 7-2 


Valid channel command codes, 3-23 
Virtual address space, 12-2 


Wait state (W), 10-3 

Write control store (wDCS), 11-2 

Writable control store instructions, 11-1 
Write data, 9-14 

Write halfword, 9-15 

550 Keyboard layout, 2-3 

3200 Flock diagram, 1- 
3200 CP-Code map, A-1 
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